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YIK: 536.42:[678.046.9:621.3.035.221.642]

LlIym M. I, Poxuyovkuii M. O., Pokuupka I'. B., ILlym A. M., Cmaciox 1. M.

HITY imeni M.I1. /lpazomanosa, m. Kuis, Yxpaina
01601, eyn. Ilupoeosa, 9, Kuis, Yxpaina
E-mail: maksal@bigmir.net

TennogizuuHi BJIacTUBOCTI MoJiMePHUX KOMIO3ULIIHUX MaTepiajiB Ha
OCHOBI MEHTAIUIACTY i ByrJienieBUX HAHOTPYOOK

Tlposedeni 00cniOdiceHHss MeMnepamypHux 3aiediCHocmell NUMOMOi MenioEMHOCMI ma
maneenca kyma mexaniunux empam tgd = f(T) cucmem nemmannacm — Agl ma newmaniacm —
BHT. Buxonano po3oinenus 6imooanvhux 3anexcnocmeii ¢, = f(T) na cxnaoosi. Ilpoananizosaro
HuzbKOmemnepamypHui penakcayiiini npoyecu (B-npoyecu penaxcayii), npoyecu ckiysanHs (O-
npoyecu penakcayii) i NOGLIbHI GUCOKOMeMnepamypHi nepexoou (h- ma QO-npoyecu penaxcayii), wo
8100Y8aIOMbCS Y NOAIMEPHIL MAMPUYi KOMROSUYIUHUX MAMEPIanie.

HocranoBka 3amaui. SIk BimomoO, MoJaBaHHS AWCIEPCHUX HAIIOBHIOBAdiB B
MOJIIMEPHI MaTepiaJii BHKIIMKAE IMTUPOKUI KOMIUIEKC SIBUIN 1 e(eKTiB, BUHUKHCHHS
SKUX OOYMOBJICHO BIUTMBOM MOJU(IKATOPIB HA  CTPYKTYpy TOJIMEPHHUX
komno3uiiiaux Marepianis (ITIKM). 3anexHo Bix BlacTHBOCTEH HAIOBHIOBadiB iX
Moaudikyrounit Biums Ha BiactiBocti [IKM e pisnum. Memoro danoi pooomu Gyio
3’sicyBaHHsl BIUIMBY HAIIOBHIOBadiB Pi3HOI NPUPOAM Ha TEIUIO(I3WYHI BIACTHBOCTI
I[TKM Ha OCHOBI BHCOKOCTaOITPHOTO Ta XIMIYHO CTIHKOTO BHUCOKOMOJIEKYJISPHOTO
nosiedipy — nenramiacty (3,3-0uc(xmopmerrin)okcanukiiodyran) [1].

B skocTi HamoBHIOBauiB OyJIM BUKOPHCTaHI CYNEPIOHHWH Matepiai - HOMHI
cpidna (Agl) [2] 3 po3mipamu gacTuHOK 1 + 6 MKM 3 (hOpMOTO, MTOAIOHOIO TIPSIMOKYT-
HOTO Mapaenerine/a i3 crniBBiaHOmEeHHM cTopiH 1:1:3 1 1:1:2 1 KUCIOTHO OovHIIEH]
BiJI MiHEpaJIBbHMX JIOMIIIOK OaraTomaposi ByrieneBi HaHotpyOku (BHT) 3
30BHimHIM miamMerpom 10 + 40 uM, muTOMOIO MOBepXHEo 200 + 400 M*/r i IMTOMUM
enextpuaauM oropom 0,05 + 0,1 Om-cm.

3pasku cucrem nenramiact - Agl i nenramiact - BHT roryBanu B HacTynHOMy
TepMo-0apo-dacoBoMy (7-p-t) pexkuMi: HarpiBaHHs 31 MBUAKICTIO 3,5 K/XB, BUTpHM-
ka mpu 483 K mpotsrom 15 xB mix trckom 20 MIla, 0XoomKeHHS i3 po3IUIaBy 3i
mBuakicTio 0.5 K/XB, 110 BiINOBiae HaKpalliM TEXHOJIOTIYHUMH YMOBAaMH Iepe-
POOKYU KOMITO3HTY 3 YPaxXyBaHHSAM BJIACTHBOCTEH SK HATIOBHIOBAYa, TAK i MOJIMEPHOT
MaTpHIii.

AHaJi3 pesyabrariB. J[oCTiHKEHHST TEMIIEpaTypHUX 3aJIS)KHOCTEH MATOMOT Te-
wioeMHocTi [TKM mpoBomunucs Meto oM AudepeHIiaabHOl CKaHyI0401 KaTopUMeT-
pii 3 BUKOpPHUCTaHHIM ekcriepuMeHTanbHoi yctanoBkr DSC Q2000 BupoOHuIITBa TA
Instruments (CIHIA) B TemmeparyproMmy iHTepBami 233 — 493 K mpu pizHOMY
00’eMHOMY BMICTi ArcniepcHuX HarmoBHIOBaYiB (0 < ¢ < 2%).

8 DOI: http://dx.doi.org/10.18524/0367-1631.2018.55.149810
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Puc. 1. TemneparypHi 3a1eXHOCTI Tell- Puc. 2. TemnepaTypHi 3aJ€KHOCTI TeIl-
JIOBOTO TIOTOKY B TIOJIMEPHHX HAaHO- JIOBOTO TTOTOKY B ITOJIIMEPHUX KOMITO3H-
KOMITO3UTaX CHCTEMH I[EeHTaIlacT - Tax CHCTEMH IeHTaract - Agl 3
BHT 3 00’eMHMMH KOHIEHTpamisIMI 00’€MHMMH KOHLIEHTPALISIMH HAaITOBHIO-
HaroBHioBaya 1 — 0%; 2 — 0.2%; 3 — Baya: 1 —0%; 2 —0.2%;3-0.5% 14—
0.5% 14 — 2%, BinmoBiaHO 2%, BiMIOBITHO

BcTaHOB1I€HO, IO TeMIIepaTypHi 3aNeXKHOCTI ¢, = f(T) KOMIO3HUTIB CUCTEMH IEH-
tarutact - BHT (puc. 1) Ha BinMiHy Bix cuctemu nenrariact - Agl (puc. 2) xapakrepu-
3YIOTBCSI IBOMA SICKPaBO BHPAKCHUMH MAaKCHMyMaMH, OJHH 3 SKHUX CIOCTEpPIracThes
TIpH OLTBII HU3BKUX TEMIIEPaTypax, a iHIIHIA - IPH OUTBII BHCOKHUX [3].

Sk MokHa Ga4nTH, BHACIIJIOK OJIM3BKOCTI Temreparyp (a3oBuX Nepexo/iB IeH-
TamIact i oaumy cpibina, Ha 3aNeKHOCTAX ¢, = f(T) cIOCTepiracThes HaKIaAeHHs Ma-
KCUMYMIB, sIK€ BUKJIMKA€E TPYAHOIII TIPH BU3HAYCHH] MITOMO] TEIUIOTH TIepexoiB. st
BU3HAUCHHsSI TEIUIOTH MEPEeXOJiB HaMW BHKOpHUCTaHa Meroauka [4] posminy
MaKCUMyMIB Ha 3aleXHOCTAX ¢, = f(T) mIAXoM MOAiTy cymapHoro mnpodimo Ha
CKJIQJIOBI, 1110 OTIMCYIOTHCS HOPMAaIBHUM po3Mo1iioM ["ayca abo posmominom Korri.

Jana MeTomKa 103BOJISIE BUKOHATH PO3IUICHHS CIIOCTEPEKYBAaHUX MPH (ha30BUX
MEpPETBOPEHb TEIUIOBHX €(EKTIB Ha JIBA OKPEMHUX IPOLIECH 1 OKPEMO BU3HAYUTH IX Ma-
paMmeTpH, J03BOJISIE MPOBOJUTH PO3PAXYHKH IUIONI HU3bKOTEMIIEpAaTypHUX ‘‘Tuiedeit”
000X TIKIB 3 MOJATBIINM BU3HAYCHHSIM TEIUIOT 1 TeMmreparyp (a3oBUX MEPETBOPECHb,
10 B CBOIO 4epry, JIO3BOJIsiE POOMTH BHCHOBKHM MPO piBeHb (i3MUHOI B3aeMoil
KOMIIOHEHTIB CHCTEMH Ha MEXi po3/lty I KOMIIOHEHTIB Ta PO XapakTep 3aJIeXHOCTI
BJIACTUBOCTEH KOMIIO3UTIB BiJl BMICTY JHCIIEPCHOTO HAITOBHIOBAYA.

Cunphuii ctpykrypytounii BimmB BHT Ha cTpykTypy 1 BIacTHBOCTI IIEHTaIUIaCcTy
TaKOXX MiJATBEP/UKYETHCS PE3yJbTaTaMH JOCII/DKEHb TEMIIEPaTypHHUX 3aleKHOCTeH
TaHTeHca KyTa MeXaHIYHUX BTpart (120 = f(T)) KOMIIO3UTIB MMOJIIMEPHUX CHUCTEM TICHTa-
mwracT - Agl i nertammact - BHT B TemmeparypHoMy iHTepBasti ckiryBaHHS [S].

Sk mpaBwIo, BCI penakcaliiHi Mepexoiy B MojiMepax MOAUISIOTHCS Ha TPU
TpyIH: HU3BKOTEMIIEpaTypHi nepexoau (B-mporecu penakcaiii), IpoLec CKIIyBaHHS
noJriMmepy (O-TIpoIlecH peakcailii) i MOBUTbHI BHCOKOTEMIIEpaTypHi mepexomau (A-
NpoLeCcH penaKcariii).
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Puc. 3. TemnepaTypHi 3aJIe)KHOCTI TAHI'€HCA KyTa MEXaHIYHUX BTPaT B MOJTiMe-
PHHX CHCTEMax Ha OCHOBI neHraract: 1 — yuctuii nenramiact 0%;
2 —nenramnact - BHT 0.185%; 3 — nenramact - Agl 0.373%;
4 —nernramact - BHT 0.373%; 5 — nenrarutact - Agl 1.953%

B-mponecu penakcauii, 110 BiANOBIAAIOTH PyXy KIHETUYHHMX OJUHUIG, IO
BKJIIOYAIOTh B ce0e Ipymy aroMiB B JIAHIIOTY 3HAYHO MEHIIMX HIK CErMEHT,
cmocTepiraroTbcss Ha 3anexHocTi £gd = f(T) (puc. 3) B OKOJi Temrepatyp
—50 < T<-10 °C. IIpu 1poMy, IpoLeC XapaKTEepU3y€eThCS JBOMA MaKCUMyMaMH, 1110
BIAMOBINAIOTH B- 1 Bi-penakcaliii, ski B CBOIO Yepry BUKJIHMKaHi, OYEBUIHO, PO3MOPO-
)yBaHHAM ApioHOMacmTabuux pyxiB CH, i CH,Cl rpym B ckiami mosiMepHoi J1aH-
LFOTa BIATIOBIIHO.

SIk BUJHO 3 pHC. 3, YUCTHH MEHTAIUIACT XapaKTePU3Y€EThCS HASIBHICTIO SCKPABO
BUPKEHUX O-TIPOLIECIB pejakcalii 3 MaKCHMyMOM Ha 3aJieXHOCTi 1gd = f(T), skuii
Bixamosizae 26 °C.

B pobori [6] moka3aHo, 110 IS MPOIECY a-peakcallil 3HaueHHs B ~ 5-10712 c,
1110 OJIHO3HAYHO CBIJUUTBH, PO T€, 110 KIHETUYHOIO OJMHULICIO B 3a3HAYEHUX IPOIIe-
cax € BiUIbHHH cerMeHT. KpiM a-mpoliecy penakcarii, sSIKHH BiIMOBiAae Tporecy
CKITlyBaHHS OCHOBHOiI 4YacTHHH aMOp(HOI CKJIAJ0BOI TMeHTariact (CTyIiHb
KPHUCTIIYHOCTI YMCTOrO TeHTamacT ckinana 26% [7]), Ha TeMneparypHii
3ICKHOCTI g0 CITIOCTEPIraloThCS e JIBa MPOIIECH IS SKUX 3HAYCHHS B TaKoX Ma-
IOTh TOPSZIOK 5 + 5.5-10'% ¢. Takum YUHOM, OYEBHJIIHO, IO IIE 0~ 1 O-TIPOIECH
penakcauii, mepiIvid 3 SKUX MOXKE BIJHOCHUTH [0 CErMEHTAJIbHOI PYXJIMBOCTI B
MepexiTHUX Iapax BiJg KpucramiyHoi 10 amopdHol ¢a3u, a apyruidi — Jo
CErMEHTAILHOT PYyXJINBOCTI B aMOP(hHUX JUTTHKAX.

IIpu temmepartypax mopsiaky 140 + 150 °C i BUIIEe CHOCTEpIraeThecsl IEsKe
IIBUILICHHS PiBHS TaHIeHCa KyTa MEXaHIYHHUX BTpaT £gd, II0 BIANOBiIAE A-nipouecy
penakcariiii, TOB’I3aHOTO 3 PYXJIHUBICTIO (QIIyKTyaIlifHUX HaJICETMEHTaIbHUX Ta HaJ-
MOJISKYJIIDHUX CTPYKTYp B aMopdHid a3l y BUIILIAI YIOPSIKOBAaHUX Ta
YIIUIBHEHUX MiKpooOJsiacTel (CTpyKTypHHX MIKpOOJIOKiB abo kiactepis). CerMeHTH,
10 BXOJATH B HaJCErMEHTAJbHI Ta HAJIMOJEKYJSIPHUX CTPYKTYpH, Ha BiIMiHY Bil
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BUIBHUX CErMEHTIB € 3B’S3aHMMH, 1, OTXKE, Ul 1X akThBallli HEOOXIJHO BEIHKA
€HEepTis, IO BIAMOBIIAe ORI BUCOKIH TeMItepaTypi.

HanoBHeHHs neHTamnacty aucnepcHuMy yactuakamu Agl ra BHT, npusBoauts
IO YCKJIaTHEHHsS CTPYKTYpH CHUCTEMH 1 MPHU3BOAWTH O BHUHUKHEHHS JOJATKOBHX
penmakcaniiHuX sBuml. Tak, HaIIOBHEHWH TMEHTAIUIACT Y BHCOKOETACTHIHOMY CTaHi
XapaKTepU3YETbCS  [IBOMa  pejlakcalliiHUM — Tepexojamu, sIKi  0OyMOBIEHi
MPUCYTHICTIO aKTUBHOTO HANOBHIOBaya. BIAMOBIIHO Ui HENMEpepBHOIO CIEKTpa
YaciB peylakcarii mpy J0JaBaHHI aKTHBHOTO HAIOBHIOBada 3’SIBISIOTHCS IBA HOBHX
MaKCUMyMH — o' 1 Q.

[epiumii HU3BKOTEMIIEpATYPHHUHN TIepexif (Tak 3BaHUi o-IpoLec) MOB’ I3aHUH 3
CEerMEHTAFHOI0 PYXJIMBICTIO B MiK(a3HHX IIapax MOJiMepy, aacopOOBaHHX Ha ak-
TUBHOMY HAaIlOBHIOBaYi. BiH TpOSBIA€ThCA JA€MIO BHINE OONACTI CKIyBaHHS i
XapaKTepU3YEThCSI OLTBII BHCOKOIO €HEPTi€l0 aKTUBALil, HiXK HPOLEC o-peakcarlii,
1110 BIATIOBIZAE 32 MPOLIEC CKITyBaHHSI.

Hpyruii  BUCOKoTeMIepaTypHHii mepexin (@-mpomec [8]) MOSICHIOETBCS
PYXJIMBICTIO YaCTHHOK aKTHBHOTO HAIIOBHIOBAYA.

Ha BimMmiHy BiJi HEKOHIEHTPOBAaHMX KOJIOIIHUX CHCTEM 3 HHM3BKOB’S3KUM
pimkuM cepemoBHIIeM (BOAA, OPTaHIYHI PIAWHM), B SKUX TEIUIOBHM PYXOK YaCTHHOK
JACTIEpCHOI (ha3u € OpOYHIBCHKUH pyX, B HAIIOBHEHHX MOJIMEpax XapakTep iX Tell-
JIOBOTO pyXy iHmoro. YacTHHKA HATOBHIOBAaYa, MepeOyBalOud y B’SI3KOIPYKHOMY
CEpEIOBHILI - TIOJIMEPHIN MaTpHIli - 3ifICHIOE KOJUBAHHS 3 BIACHOK YacTOTOO Vj i
nepioloM KonuBaHb 6. BHacmimok TerumoBmx (uIyKTyamili 9ac Bi 9acy 4YacTHHKA
MEPEMIIIAETECA MATUMU CTPUOKaMU B CYCIJIHI TOJIOKEHHsI piBHOBaru. Ha BiaMiHy
BiJl HU3bKOMOJICKYJIAPHUX CHCTEM KOJIMBAILHO-TIOCTYIAIBHUI XapaKTep TEIUIOBOTO
PYyXy YacTHHOK B TIONIMEpHIH CHCTEMi CIIOCTEpIraeThCsl TP  OYAb-IKHX
KOHIICHTPAIIAX IHCIepCHOT a3y, OCKUIBKHM YaCTHHKH 3HAXOIATHCA B IPYKHOMY
CepeIOBUILI - NMOJIMEPHIN MaTpHIL.

PenakcaiiifHuii @-nporec XapakTepu3yeThbCsl BIANOBIAHUM JTUCKPETHUM YacoM
penakcariii, 3aiiMae TOJIOKEHHS MIXK 9acoOM XIMIYHOT perakcaltii i vacom A-penakcariii
B JIMCKPETHOMY CIIEKTPI YaciB pesakcarii nojimepy.

BucnoBku. TakuM YHHOM, BCT@HOBJIECHO, IO JUII HAHOKOMIIO3UTIB CHCTEMH
neHTamact - BHT, xapaktepHuM € TakoX TOJUT MPOIECy Mepexoay 3 BHCOKOEa-
CTHYHOTO B B’SI3KOTEKYYHMIl CTaH Ha JIBi CKJIaJIOBI - HU3bKO- 1 BUCOKOTEMIIEPATYPHY,
1110 HOSICHIOETHCS CUIIBHUM CTPYKTYpytounM BiuimBoM BHT Ha rpannuni mapu nes-
TaIUIACTy 1 MPOSBISAETHCS B YTBOPESHHI MOPS 31 3BHYANHOIO JUIS TICHTAIUIACTY OiTbII
YIIOPSIIKOBAHOT CTPYKTYPH, sIKa TEPEeXOJUTh Yy B’SI3KOTEKYYMH CTaH INIpH OULIBII
BUCOKIM Temneparypi. KpiM TOro, HamoBHEHMII NEHTAIUIACT XapaKTEPU3YETHCS
HasSBHICTIO JIOJIATKOBUX pETaKCAIIMHAX TEPEeXOJiB, MO TAaKOXK OOYMOBIIOETHCS
BIUTMBOM aKTHBHOTO HAITOBHIOBAYA.

Jlirepartypa:
1. Mynun FO.A., Apyes U.K. Ilenrannact. — JI.: Xumus, 1975. — 120 c.
2. I'vpesuu FO.A. Tepasle anextponutsl. — M.: Hayka, 1986. — 206 c.

11



Disuka aepoaucnepcHux cucrem. — 2018. — Ne 55. — C. 8-13

12

3.

Rokitskaya G., Rokitskiy M., Shut M. Effect of different nature filler on heat
physical properties of polymer composite materials // Abstracts of the Ukrainian
— German Symposium on Physics and Chemistry of Nanostructures and on Na-
nobiotechnology (September 21-25, 2015, Kyiv, Ukraine). —2015. — P. 205.

. Poxuyxas I'B., [llym H.U., Poxuyxuu M.A. OnpenencHue mapameTpoB (azoBbIxX

HecTabmIbHOCTEH cuctembl neHramiacT — Agl // XKypuan bemopycckoro rocy-
JIapcTBeHHOTO yHuBepcuteTa. @usuka. —2017. — Ne 2. — C. 95-101.

Allym M., Poxuyvka I'.B., Pozanoeuu B.FO., Poxuyvxuu M.O., Llym A.M.

AHamiz  TeMmepaTypHHX — 3aleKHOCTeH CIEKTPiB  BHYTPIIIHBOTO  TEPTS
MOJIMEPHHUX CHUCTEM Ha OCHOBI meHTaruiacTy // Marepiamu BeeykpalHchkoi Hay-
KOBO-TIPaKTHYHOT KOH(pEpeHIIii “AKTyallbHi MPoOIeMH METOIOJIOTIi Ta METOAUKA
HaBYaHHS (i3uKo-MareMaTHaHuX auciwiniie’” (18 ciuns 2018 p., m. KuiB) —
2017.—C. 82-84.

. Shut M 1., Rokitskiy M.A., Shut A.M., Rokitskaya G.V. Determination of relaxa-

tion characteristics complex for penton — Agl matrix — disperse system // Func-
tional Materials. —2013. — Vol. 20, Ne 2. — C.221-226.

.lym M.I, Poxuyvxa I'.B., Poxuyvkuu M.O., Jlesanooscvruii B.B., Opancvka

O.I. PentreHorpadiddi T0CHIHKSHHS MAaTPUIHO-TUCTICPCHOT CUCTEMH Ha OCHOBI
MIeHTAIIacTy Ta oauay cpibna // Haykoswuit wacorme HITY imeni MLII. Iparo-
MmanoBa. Cepist 1. ®izuko-maremarnyuni Hayku, Kuis: HITY imeni M.II. [paro-
maHoBa. —2011. — Ne 12. — C. 6-12.

. bapmenes I'.M. PenakcalluOHHBINA (-TIEpEX0]] B HATIOJHEHHBIX MOJIUMEpPAX U MO-

JIeKYJISIpHAsl TTOJBI)KHOCTh YACTHIl aKTUBHOTO HAIOJHHTEINS // BhicokoMoieky-
nsipHbIe coenuHeHus. — 1982. — T.XXIV, Ne 9. — C. 1836-1841.

LlIym H.HU., Pokuyxuii M.A., Pokuyxas I'.B., Illym A.H., Cmaciox H.M.

Tennodusnyeckue cBOICTBA MOJTUMEPHBIX KOMIO3MIHOHHBIX MATEPHAJIOB
HA OCHOBE MEHTAIIACTA U YIJIEPOAHBIX HAHOTPYOOK

AHOTAIIA

Ilposedennvr uccredosanus memnepamypHuix 3a6UCUMOCmell YOenbHOU MenioemMKOCmu U
maneenca yena mexanuveckux nomeps tgd = f(T) cucmem nenmanaacm — Agl u newmannacm
— VHT. Bvinonneno pasoenenue oumooansuvlx sasucumocmeii ¢, = f(1) na cocmasnsiowue.
IIpoananuzuposanvl HU3KOMeMNnepamypHvle penaKcayuonnvle npoyeccel (B-npoyeccuvl penax-
cayuu), npoyeccvl CMeKI08anus (a-npoyeccyl peraxcayuu) u MedleHHble bICOKOneMnepa-
mypHble nepexoobl (A- U Q-npoyeccyl penaxcaylii,), NPoUcxXooaujiue 6 NOIUMepHoU Mampuye
KOMNO3UYUOHHBIX MAMEPUATIOB.
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Shut M. L, Rokytskyi M.O., Rokytska H.V., Shut A.M., Stasiuk 1. M.

Thermophysical properties of polymer composite materials based on
penton and carbon nanotubes

SUMMARY

The temperature dependences of the specific heat and tangent of the mechanical losses an-
gle tgd = f(T) of the penton - Agl and penton - CNT systems have been studied. The bimodal
dependencies c, = f(T) have been separated into components. Low-temperature relaxation
processes (P-relaxation processes), glass transitions processes (o-relaxation processes) and
slow high-temperature transitions (A- and ¢-relaxation processes) occurring in the polymer
matrix of composite materials have been analyzed.
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OO0MeH TUNMIAMH MeKIY JMIONPOTEHHAMM HU3KOM M BHICOKOMH
IJIOTHOCTH € Y4€TOM OKHCJIEeHHS JTUMONMPOTEHHOB HU3KOI IVIOTHOCTH

B pabome npeonosicena mooupuyuposannas mooens nepeHoca Iunud08 mMexcoy Iunonpo-
meunamu HuKkot u gvicoxou naomuocmu (JIITHIT u JITIBII). Moougurayus kacaemcs ésede-
Hus 6 MoOenb 0omena medxcoy JIITHII, moouguyupyemvix nood oelicmeuem nomoka paouxaios
6 cmenke cocyoa, u JIIIBII. U3yueno eiusiHue nomoxka paoukaios, IURUOH020 COCMOSIHUSL Op-
eanusma u xonyenmpayuu CETP na obmen aunudamu. AHanu3 MoOenbHbIX paciemos noKa-
3v168a€m, YUMo 8 YCA08UAX Oeticmaus OOIbUUX NOMOKO8 PAOUKATI08 NepPeHOC IPupos xorecme-
puna (CE) u mpuenuyepuoos (Tg) meocdy JIITHII u JITIBII mensiem ceoii xapaxmep: CE ne-
penocames k JIIIBII, a Tg — x JIIIHII. Taxoe uzmenenue xapaxmepa nepeHoca Modicem no-
eausimv Ha o6pamHuwlil mparncnopm xonecmepuna (OTX).

Ycii0BHBIE 0003HAYCHHSA

JIIT — numonpoTenHbI

JIIIOHII (LP,) — numonpoTenH 04eHb HU3KOH MIIOTHOCTH

JITTHIT (LP,) — numonpoTeuH HU3KOI MIIOTHOCTH

JITIBII, (LPs), JITIBIT; (LP,) - mummonpoTenHbI BEICOKOH ITIOTHOCTH
JITTHI T, (LP5) — OKMCIICHHBIH JIMTIONIPOTEUH HU3KOM TUIOTHOCTH

CE — a¢ups1 xonectepuHa

Tg — Tpurnuuepubl

CETP — 6enok-nepeHoCUrK 3PUPOB XOJECTEPUHA

CEypj — CE nunonporenna LPj,j=1,2,3,4,5

Tgpj— Tg nunmonporenna LPj,j=1,2,3,4,5

LPj — CETP (LPjC) — komrurekc sumonporenta LPj ¢ 6enxom CETP
CEvpjc — CE xommexkca LPjC,j=1,2,3,4,5

Tgpjc — Tg xommekca LPjC,j=1,2,3,4,5

R — papuxanst

Pr — notok pagukanon

kj — KOHCTaHTBI CKOPOCTH OOMEHA JUMHIAMU MM OKHUCIUTENBHBIX PEaKIuii, j
=1,...,58

C; — KOHLIEHTpAIMs, j — MOJIEKYJIa, IMIONPOTENH

BBenenue. [Ipeamerom uccieoBaHUs B HACTOSILEH CTAaThe SBISIOTCS COCYIU-
CTBIE M3MEHEHHS, IPOMCXOIAIINE B TeJIe YeJI0OBEKa IT0/T BIUSHIEM pasIMIHBIX HeOJa-
TONIPUATHBIX (PAKTOPOB U MPUBOJAIINE K OJHON M3 CAMBIX PACIPOCTPAHCHHBIX MPH-
YUH CMEPTHOCTH YEJIOBEKa B PA3BUTHIX CTPAHAX — aTePOCKIIEPO3a, 3aKaHYMBAIOIIETO-
cs mHMapKTaMi W UHCYJIbTaMU. Y POBEHb PAa3BUTHS MEIHIIMHEI 32 MOCITECTHIE AeCs-

14 DOI: http://dx.doi.org/10.18524/0367-1631.2018.55.149871
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TUJICTHS BBIBEJ MEAWIMHY W3 SMITUPUICCKUX HAYK B pa3psan (PU3HKO-XHUMHUSCKIX
HayK, KOTJa SKCIIEpUMEHTAIIbHbIE U TEOPETUUECKHE MCCIIEA0BAaHUSI OpPraHU3Ma Yeso-
BEKa MPOBOAATCS (H3MYECKUMU U XUMHYECKHMHU METOJaMHU C IIUPOKUM HCIONb30-
BaHMEM MaTeMaTukd. LIIMpOKO MPHUBIEKAIOTCS TaKXE TEXHUUECKUE JOCTHXKEHUS,
0COOEHHO B 00JTACTH ANIEKTPOHUKH W HAHOTEXHOJIOTHHA.

Kak n3BecTHO, aTepoCKiIepo3 — 3TO NMOpakeHHe apTepuii, CBs3aHHOE ¢ 00pa3o-
BaHHEM M POCTOM OJIAIIEK Ha CTEHKAX apTepuil, IPHU 3TOM B Hayaje Pa3BUTHUS IIPO-
Iecca opa)kaeTcst IOBEPXHOCTHBIN CIIOM CTEHOK apTepHid, OOpaIleHHBIH K TOKY Kpo-
BU. DTOT CIIOW Ha3bIBaecTCs CyORHIOTENMANBHBIM. 3apOoXKICHHE W Pa3BHUTHE aTepo-
CKJIEpPO3a CBS3aHO C MOMAJaHHEM B CYOIHIOTENHH OCOOBIX YaCTHIl KPOBH — JIMIIO-
npotennHoB (JIIT), comepkammx ApoB npoTenHbI Ha OBEPXHOCTH JMIAIHON YaCcTH
JIII. K srm otHOCsTest JITTOHII, JITTHIT v JIIIIIT (STUmonpoTenHBI TPOMEKYTOYHON
IUIOTHOCTH). DTH YaCTHUIBI UMEIOT HAaHOMETPOBBIE Pa3Mephl U CPABHUTEIHHO OOJIb-
I10€ JTUIUIHOE COAEP’KUMOE 10 CPaBHEHHUIO C OEIIKOBOI 9acThIO.

Hauvano u pa3BuTHe aTeporeHesa paccMaTpUBaETCsl HA OCHOBE B3aUMOJICHCTBHS
MOIA(DHUITUPOBAHHBIX JIMITONPOTEHHOB HHU3KoM TuioTHOCTH (JITTHIT) ¢ BHEKneTOYHO#
Marpuiel cyOdHIOTeNus, KOTOPOe CIIOCOOCTBYET PAa3IMYHBIMU ITYTSIMU MOAU(HKa-
LMY U PA3pyLIECHUIO JMIUI0B U Hayady BOCIAIUTEIBHOIO MPOLECCa B CTEHKE COCY-
na. [llupokoe pacnpocTpanenue noyqmia Mojaens «OTKIMK Ha 3aaepxanue» [1, 2,
3, 4], mo KOTOpOil HaYaJIo Pa3BUTHS aTEPOCKIIEPO3a CBSA3aHO C 3aJIep)KKOH Monudu-
IIIPOBAHHBIX apOB IUIIONPOTEHHOB B UyBCTBUTEIBHOI 00JaCTH PHAOTENUS C HOCIIe-
Iytoniei MoauuKaIwei TUIOIPOTEHHOB U Pa3BUTHEM OHOJIOTHYECKUX OTKIMKOB Ha
9TU U3MEHEeHHU:I[5,6].

Mopnduxarus JIITHIT npoucxoanT pazindHbIMH MyTsMH. M3 HUX J0CTaTOYHO
xopomio u3yueHsl Tpu yth: okucienne JIITHIL, ux arperamnus u munonus. B pe3ysnb-
TaTe MOIAM(UKAINH JINTIONPOTEHHBI YBEIMYNBAIOT CBOM Pa3Mephl WIH CBOE B3aHMO-
JieficTBUE ¢ MOJIEKyJIaMH BHEKJIETOYHOM MaTpHUIlbl, B IEPBYIO O4epeb, C MPOTEOTIH-
kaHamu [5,7-10].

B HacTosmeit pabote paccMaTpHBaeTCsl OJMH U3 TPEX BBIMICYITOMSHYTHIX ITyTei
moaudukann ApoB JIIT — okuciuTeNbHBINH, OH CBS3aH C NPOHUKHOBEHHEM B Opra-
HHU3M Pa3HOOOPa3HBIX 3arpsi3HUTENICH, CPEeAN KOTOPBIX HauboJiee OMacHbIMU SIBJISIFOT-
csl pamuKansl (B MEpBYIO Oodyepenb, pamuKallbl KUCIOPOa) WA MOJEKYIBI, MO0yXK-
Jaroniyie oOpa3oBaHKE paJMKalioB B opranu3Me. [TokazaHo [11], 4To OoKuCIEeHHBIC
JIITHIT npucyTcTBYIOT B aTEpOCKIEPOTHUECKUX OJISIIKAX, OJHAKO CTENEHb OKHCIEe-
HUS, a 3HAYUT, U UX XapaKTePUCTUKU MEHSIOTCA IO Mepe pa3BuUTHs Ouamiek. Jlumo-
IIPOTEUHBI 3aPOXKIAIOTCS B [IEUYEHU U KMIIEYHUKE, CEKPETUPYIOTCS B KPOBb U IIEPEHO-
CSATCSL [I0 BCEMY OpPraHU3My TOKOM KpPOBU. MexXy JIMIONPOTEeNHAMHU HU3KON U BBICO-
koi motHocty — JIITHIIT u JIIIBII — ocHOBHBIMH JTUNONPOTEUHAMH, IPUCYTCTBYIO-
MU B IMPKYJINAN, MOXET IIPOUCXOIUTH OOMEH JMITHIaMH KaK HEOKHUCICHHBIMH,
Tak 1 okucieHHbIMH. Ha moBepxuoctu JIITHIT comepskarcst Gpochonumuabl u CBO-
OOMHBII XOJIeCTEpHH, a B IEHTPAJIBbHON YaCTH YacTHILl, Ha3bIBaEMOIl KopoM, — Ooee
rupohoOHBIE MOJIEKYIIBI S(DUPOB XOJIECTEPUHA 1 TPUTIIULIEPHUIIOB.

Oxucnenne JIITHIT B nanHOW paboTe paccMaTpuBaeTcs Kak OJHO W3 BaKHEH-
IIMX COOBITHH B Pa3BUTUU aTepOCKiIepo3a. XOPOIIO U3BECTHO, YTO YPOBHH XOJIECTe-
puna JIII, Haxomsumxcs B mIasMe KpoBu (HampuMep, miaasmeHHsix JIITHIT), moxHO
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paccMaTpHuBaTh Kak MapKep aTepoCKICpOTHIECKO OO0JIe3HH, TaK KaK YPOBEHB XOJe-
CTEpHHA B 3TOW YaCTHIIE TPSIMO KOPPEIUPYET CO CTEMICHBIO Pa3BUTHA aTEPOCKIEPO3a.
B otmuume ot JITHII, ypoBuu xonectepuna B JI[IBII oOpaTtHO KOppeawpyrooT c
YPOBHEM Pa3BHUTHS CEPACYHOCOCYAUCTHIX 3a0oneBanuii [12]. B mureparype ycraHo-
BIWJIOCH MHEHHE O TOM, 4To aHTHareporeHHas ¢ynkius JIIIBII cBszana co crmoco0-
HocThio JITIBIT otbupats xonectepus y JIITHII u nepeHOCUTH €ro B nedeHb AT 1Oo-
CIeAyIoIel SIKCKPEKIUH ¢ MTOMOIIBIO JKeTYU. DTOT MpoLiecc MOMydmI Ha3BaHUE 00-
patHoro TparcmopTa xonectepuHa (OTX).

[epenoc 3¢pupoB xonecreprHa MeX Iy apoB- 1 apoA- conepkaluMH JTUITOTIPO-
TEMHaMH OCYLIECTBILSIETCS C IIOMOLIBIO0 Oelka-epeHocunKa 3()UpOB XOJIecTepruHa
(CETP). B HeM y9acTBYIOT Takxke rHAporiepokcHIs! pochomumiaos (PLOOH) .

Bruto mokazaHo, YTO JIMIHABI IEPENAOTCS KaK MEXKTy JTHITOTIPOTCHHAMH HI3KOH
U BBICOKOI IMJIOTHOCTH, TaK U OT JUIONPOTEHHOB K IEYEHH, IIPU ITOM OBICTpee mepe-
JIAl0TCsI OKHCIICHHBIE JTUIHBL. [lepeaaya IMMUIOB K IIEUYEHH in Vitro oCyIiecTBiIseTcs
IIyTEM CEJIEKTUBHOI'O 3aXBaTa KJIETKaMHU [1€4eHOYHOH nmapeHnxumsl [12]. OxucneHHble
nepoxcunsl 3¢upos xonecrepura CE (CE-OH) Toxe 6vicTpo youpatores uz JITIBII ¢
MOMOIIIBIO TIEYEHOYHOT'0 KJIMPEHCa in Vivo, U 3TO CBSI3aHO C CEKpelrel Kendu OKHC-
JICHHBIM XOJICCTEPUHOM, MTOTYICHHBIM W3 JINTTHIOB.

1. Moaeas. Hactosias paboTa - 9T0 MONBITKA PENIUTh HEKOTOPbIE MEIUIUH-
CKHE 3aJlauyd BO3HHUKHOBEHHUS M PAa3BHUTHUsI aTEPOCKIEPO3a Ha 0a3e TeIUIOPU3UICCKUX
U JKOJIOTHUECKUX obiacteil Hayku. B craree pemaercss HeOonmbIas, HO BaKHAs B
Pa3BUTHH aTepOCKIIepO3a YacTh OOMmIeH 3a1aull — OOMEH JIMIHIAMH MEXIY pa3iIind-
HBIMU JIUNONPOTenHaMu. HOBOM 4acThio 3TOM 3a/1a4u SIBISICTCS BKIIFOUCHHE B OOMEH
OKHUCJICHHBIX JIUIIMJIOB.

C (¢u3HMKO-XMMHUUYECKOH TOYKHM 3pPEHHS B MOZETh BKIIIOYCHBI I[Ba IIpoOIlecca:
OKHCJICHUE JIUIMOTIPOTCHHOB U OOMEH OKUCIICHHBIMU M HCOKUCICHHBIMU JTUMUIaMu. B
OKHCJICHHH Y4acTBYIOT HambOoisiee pacnpocrpanennsie JIIIHII, a B oOmene — nuno-
npotennbl HU3ko# troTHOcTH (JITIOHIT n JITTHIT) v MUmonpoTerHbI BEICOKOM TIOT-
Hoct (JIIIBIL, u JIIBII;). Oxucienne npou3BOJUTCS MOTOKOM pagukanoB R, a 00-
MEH peajiM3yeTcs 110 YeJTHOYHOH Moieny, pa3pabdoTtaHHol B padore [14].

ITo yennounoit mozmenu, CETP cBs3piBaeTcs ¢ OJHUM U3 JIMIIONPOTEHHOB
JITTHII, o6pasys xomriuiekc JITTHIT-CETP. B atom komruiekce MPOUCXOJNUT JTBYHA-
npasJieHHbII nepeHoc 3¢upoB xonectepuna (CE) u tpuriannepunos (Tg) mexny JIIT
u CETP. 3ateM KOMIIIEKC pacHagaercs, a BbICBOOOJUBINUECS JIUIONPOTEHHBI U
CETP umerorT nu3MeHeHHBIH JIMIMUAHBIA COCTaB. DTOT MPOIECC paciiajia MOKHO pac-
CMaTpuUBaTh Kak aucconuanuio. CuuraeM Ipu 3TOM, YTO U CBSI3bIBAHUE, U AUCCOIIMA-
IIUs IPOUCXOAAT 0e3 M3MEHCHUSI aKTUBHOCTH YYaCTBYIOIIMX B 3TUX IPOLECCax dac-
THI, a OOMEH JIMTIUAaMu sBIsieTcsl SKBUMOJsipHbIM. 3ateM CETP crankuBaercs c
npyram JIIT - JITIBII, oOpa3yer ¢ HUM HOBBIH KOMILICKC, BHYTPH KOTOPOTO CHOBA
MIPOUCXOAUT JIBYHANpABJICHHBIH OOMEH JHUMHUIAMHU W TOCIEAYIOIIU pacmaj KoM-
wiekca Ha CETP un JIII. Takum o6pazom, CETP ciay>XUT MOCTHKOM, OCYIIECTBIISIIO-
M 0OMEH MEXIY ABYMS Pa3IMIHBIME JIUIONpoTerHamu [ 14, 15, 16].

Haubonee BaKHBIM B pa3BUTHH aTEPOCKIICPO3a SIBIACTCA OOMEH JIMIUIAMH Me-
skay JITHIT u JITIBIL. Ot0 06bsicHsieTcs Tem, yto JIITHII noctaBisioT B CTEHKHU CO-
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LP, \ LP; fuommmdsC — " LP1+C
LPQ — LP; gorommmuzee C — LP2 +C

LPQOX/ LPQOI’Sm‘mm JHIHIOE C — LP5+C

Puc. 1. Monenp oOMeHa NTUMHIAMH MEXJIY JTUIONPOTEHHAMH HHU3KOW M BBICOKOW
mwrotHocTH ¢ yaactuem CETP [12]

CyJia U30BITOYHBIC JTUIMUBI, KOTOPhIE MOTYT MOAUMHUIMPOBATHCS B OJIAIIKE WK TIPHU-
omsreunoit odmactu, a JITIBIT yHOCAT M30BITOK XOJiecTepHUHA M3 MEepUPepHUSCKOi
TKaHU B TEYEHb W, CJIEJ0BATENbHO, CIIOCOOHBI YMEHBIIATh ATEPOCKIEPOTUUECKUE
OJsIIKK B TIpoliecce oopaTHoro TpaHcmnoprta xonecrepuna (OTX).

2. MaremaTuyeckasi (popMyJIMPOBKa MoAean odoMeHa Jjunmuaamu. O6paszo-
BaHHe KoMIuIekcoB nunonporenHoB ¢ CETP u ux pacmag mMoryT OBITH 3alvcaHbl B
BHJI€ XUMUYECKOU peakluu:

LPJ + CETP ie )EHOC JIMTTUIO0B LPJC.

AHaOTHYHO MOKeT ObITh 3ammcano B3anmozericteue CE u Tg pa3nuaHbIX H-
HoNpoTenHoB ¢ Mojekynoit CETP:

e
CEij + CETP QCDEHOC ININMIOB CE LPjC,
TGLPj + CETP m TGijc_

IToToku MUNMIOB MOXKHO 3aIKcaTh uyepe3 oTHOcuTenbHble KoHUeHTpauun CE u
TG B xommtekce U CE u TG B monekyne CETP mns ciydas rerepooomena (CE Ha
TG u HaobopoT) MexkAy apoB 1 apoA ymmonporenHamu [14]:

J1j= (TGupjc/ (CEpict TGurpic)) - (CE cere/ (CEceret TGegrp)),
J2j= (CErpjc/ (CErpjct TGrric)) - (TG cere/ (CEceret TGeerp)).

Cxopoctu n3meHenusi co BpemeneM CE um TG KOMIUIEKCOB ONpenensoTcs o
ypaBHEHUM (2, 3) IUTFOC MEPEHOC MOTOKAMHU:

A - [LP\C] - (J3- Jj) ana TG
u A - [LPC] - (Jij- Jpj) nna CE.

3neck A = 10°N, - & - k; - (1-a) [14], N, — uncno Asorapo, k, = 0,167 - 107
/¢, k= 0,73, 0.=0,62; 4 = 279.

PaccmoTpum JITTHIT nepudepudeckoil TkKaHu, B KOTOPYIO HETIPEPHIBHO MOCTY-
MaeT TOTOK PAIHKAJIOB C IOCTOSHHOH CKOPOCTBIO P;. XOPOIIO U3BECTHO, YTO Ha OJIMH
JIITHIT B cpeanem npuxonutcs 6 MOJEKYN — aHTHOKCHIAHTOB o-TocH, npuaumMaro-
IIUX MpU MOMAJaHUuU paJuKalia B YaCTHUIY yAap Ha ceOs U HeUTpaTU3yIoIUX paau-
KaJI 32 CYET COOCTBEHHOTO pa3pyLIEeHHsI.

Cuuraem, yto BHavasne Bce JIITHII conepkar 6 monexyn Butamuna E u npu ka-
JKIOM CTOJKHOBEHHUU C PaIUKAIOM TOOYEPETHO YTPAuMBalOT 3TH Mojekynsl [11].
Oxkucnenue JIITHII npoucxoauT nUIIb MPU CTOJKHOBEHUU C PAJMKaJIOM YaCTHIIBI,
YTPATHUBIIICH BCe MOJIEKYJIBI — 3aIIMTHHUKH, T.€. C KOHIICHTpanuei Tokopepora TocH,
pPaBHOM HYITIO.
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Ta6auna 1. HauansHple KOHIICHTPAIIMHA UCXOIHBIX BemecTB [11, 14]
Yactupl, Co, MM Yacrumpl, wmoute- | Co, MM YacTuupl, Co, MM
MOJ'IeKyJ'ILI, KYyJIbl, KOMILJICKCHI MOJ'IeKyJ'IBI,
KOMIIJICKCHI KOMITJICKCHI
LP, 1,622 LP;C 0 L4 0
LP, 5,47 LP,C 0 L3 0
LP; 1,625 CETP 0,52-1072 L2 0
LP, 2,53 CEcemp 1,04-10° L1 0
CEvp; 0,265 TGcerp 1,58-107 LO 0
CEip 2,184 CEipic 2,301-10% LPs> 0
CE_ps 0,325 CELpac 1,897-107 R 0,5-10°
CELps 0,406 CELpsc 2,822-107 CErps™ 0
TGup 0,806 CELpsc 3,526:107 TGyps™ 0
TGp; 0,442 TGypic 6,999-107 LP;sC 0
TGrps 4,94-107 TGypac 3,837-107 CEppsC 0
TGurps 5,98-107 TGipsc 429-10° TGypsC 0
LP,C 0 TGypac 5,193-107

Mogenb coepkuT 3 mapameTpa: P, —CKOpOCTb IIPOM3BO/ICTBA PAIMKAIIOB; K, —
CKOPOCTb peakuuu Mosekyn BuramuHa E BHyTpu vactuns! JITTHII npu B3aumonei-
CTBHH CO CBOOOJIHBIM PAHKAIOM); K o 1O KCIIEPUMEHTAIBHBIM PE3yJIbTaTaM — KOH-
CTaHTa CKOPOCTH JJIsi BOAOPO/IA, YAAJICHHOTO U3 OeCaUTUIIOBO METHUIIEHOBOH IpyII-
TIBI YKUPHOM KUCIIOTHL

OOBenuHeHNe Mo/IeNell OKHCIIeHH 1 0OMEeHa IPUBOJHT K 0oJiee peaTncTHIHOM
MO/ICITH, OXBaThIBAIOIICH 0Opa3oBaHue MOJU(DUIMPOBAHHBIX JHITUIOB B CTEHKE CY-
OGoHIOTENHS COCyAa.

O6o3naunmM  Ly(t), Li(t), Ly(t), Ls(t), La(t), Ls(t), Le(t) = LP; u Loy(t) = LPs, rae
Li(t) - xonnenTpamuu B MM dactur JITTHII, cogepxamux ot 0 710 6 HEOKHUCICHHBIX
Mosteky1 anbga-Tokodpepona (a-TocH).

Torna npouecc okucnenust JITTHIT pagukanamu kucnopona R, nocrynarommmu
B BHJIE TIOTOKA Pr, MOXKET OBITh OITUCAH CIICTYIONUMH ypaBHeHUs MU [11]:

R— Pr- keRZ?:1 L;‘ - Ji"'E,'CIR'!‘O 5
LP, — k,RLg;
Lj— k.RL;- k.RL;,, ,;rne j=5,4,3,2,1;
Lo— k.RL, -k yRL,;
LP,*™ — kooRL,.

[ocrosnHas K, B3saTa 3 sKkcrepumentos [14] u paBua 3 MM ™'¢” (s mepok-
CUJI-PaJIuKajoB); RQDZ6*10'2 MM ¢! s ynanenus mosiekynsl TocH u3 JIII. Tak kax
JIITHIT cocTosiT M3 3TUX TPYMI U 3TOT MPOIIECC COOTBETCTBYET KOHEUHOM CTaJuH Tie-
PEKUCHOTO OKHCIICHHS JIUIHIO0B, KAXKETCS Pa3syMHBIM HCIIOJIE30BATh ATY OIECHKY IS
KOHCTAaHT CKOPOCTH K .. B pacuerax ObIIIM MIPHHATHI CIEAYIONIHE 3HAUCHHS BEJMYHH:
cKopocTH mocTymrenns R B cpexy pr= 0,0001 mMc™'; 0,0005 mMc™; 0,001 MMc'n
HavaibHas KOHIeHTpalus paaukanoB R(0) = 1MM/c. B mporecce pac4eToB BhIsBIIC-
HO cnaboe BiusHEE R(0) B yCIOBUAX 3aMaum.

PaBeHCTBO KOHCTAHT CBSI3BIBAHMS (HEUSTHBIC KOHCTAHTHI) U AUCCOIMALINH (UeT-
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Tab6uauua 2. 3HayeHus KOHCTAHT cKopocTel mpoueccos[11, 12, 14]

k; 3nauenue | k; 3nauenue | K; 3uauenue | k; 3Hauenue | k; 3HaueHne
ki ki ki ki ki

ki, | 167 ki3 | 167 kos | 167 k37 | 279 k4o | 6-107
ko« |3,7°107 |k | 3,7°10% | koge | 3,7°10% | kg | 279 kso | 6°107
ks | 167 kis | 167 ko7 | 167 k3o | 167 ks; | 3-10°
ke | 3,7107 | kier | 3.7°107 | koge | 3,7:10% | kao» | 3,710 | ksp | 1670
ks | 167 k7 | 167 koo | 167 ks | 167 ks3+ | 4:107
ke | 3,7-107 | kige | 3.7°107 | ksor | 3,7:10% | ke | 3,7:10° | ksq | 1670
k; | 167 kio | 167 ks | 167 ks | 167 Kss+ | 4:107
ks« | 3,7°107 | koor | 3,7°10% | ksox | 3,7°10% | kyge | 3,7°10% | kse | 1670
ko | 167 ko | 167 ks | 167 kss | 6:107 ks7+ | 4:107
Kior | 3,7:107 | kope | 3,7°107 | kaur | 3,7-107 | ku | 6:107 ksg | 455
ki | 167 ko | 167 ks | 279 ky7 | 6:107

Kioe | 3,7-107 | ko | 3,7°107 | k36 | 279 ksg | 6°107

T
ki* oTHOCHTCS K peakuusM IEpBOro MOpPAAKA U UMEIOT Pa3MEPHOCTb C ; BCE OC-
TaJIbHbIE KOHCTAHTBI CKOPOCTU OTHOCSATCS K PEaKIHsM BTOPOro MOpsAAKAa U UMEIOT pas-
AL el
MEpHOCTb C MM ™.

— LP2(pr=0.0001)

- -~ LP2(pr=0.0005)

s LP2(pr=0.001)

—— LP50x(pr=0.0001)

- =~ LP50x(pr=0.0005)

«==== LP50x(pr=0.001)
pa

C, mmonb/n

-5000 0 5000 10000 15000 20000 25000 30000 35000
tc
Puc. 2. Biousnaue notokoB pagukaios (pr = 0.0001, pr = 0.0005, pr = 0.001
MM c'l) Ha paspyuieHue LP, u nossienue LPs

HBIE KOHCTAHTHI) JJIsl pa3HBIX JUITOTIPOTEHHOB CIENYET U3 KPUCTATNIECKOH CTPYKTY-
pet CETP [17] u u3 TOTO, YTO BCE JMMOMPOTEHHBI UMEIOT OJJMHAKOBOE CPOJICTBO K
ceszpiBanuto ¢ CETP [18].

Pe3yabTaThl pacuera. Brum npoBeeHBI pacyeTsl 0 M3YYeHHIO OOMEHa JINIH-
JlaMU MEXIY JUIONPOTEeNHAMH HHU3KOW M BBICOKOM IJIOTHOCTH C YYETOM OKHCIH-
tenbHOU Moaupukarmy JITTHIT. MHOroYnCICHHBIE 3KCIIEPUMEHTHI in vitro 0OHapy-
KA 0OIIHpHYyto niepokcuaanuto, koraa JITTHIT momudumpoBaiuch SHAOTEHATD-
HBIMU HJIH TJIQJKUMU MBIIICYHBIME KIICTKAMU, a TAK)KE MOHOIIUTAMH U Makpodaramu
[15]. DTO MOCTY»XMIT0 OCHOBAHUEM THITOTE3BI O TOM, YTO OKUCIIEHUE JIUTIHIOB UTPACT
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KJIFOYEBYIO POJIb B BO3HUKHOBCHHHM areporeHe3a I0j[ JCUCTBHEM OKHCICHHBIX
JITTHIT, 9t0 HOATBEP AAIOCh OOHAPYKEHHEM B OJISIIKAX MAIIOHOBOTO JHANIBACTHIA
1 JPpYTrUuX KOHCYHBIX MTPOAYKTOB IECPOKCUAAINN XOJECTCPHUHA U TPUTITIULICPUIOB.
Ienbto pacueToB ObUTO BbIsBICHHS BiusiHue okucienus Ha oomen CE u Tg B
Pa3HBIX JIMIHUAHBIX COCTOSIHUSIX OpraHU3Ma U IpU pa3iuyHbix KoHuentpamusx CETP.
B pabore npuHsiTo, 4TO MOM(UKALUS IPOUCXOIMT MOJ] IEHCTBUEM TPEX Pa3HBIX MO-
ToKOB paaukaioB pr=0,0001; 0,0005 u 0,001 mM/c. Takue MOTOKU OTBEYAIOT CPEJI-

A
45
40
35
30
c 25
5
§ 20
2 — CELP1
@ 4g ~-- CELP3
: wne CELP4
10 — TGLP1
/ ---TGLP3
- TGLP4
05
00
05
5000 0 5000 10000 15000 20000 25000 30000 35000 40000
tc
b
0,9
03
07
— CEP
~—- CELP3
0Sr N CELP4
— TGLP1
LR ---TGLP3
3 wweeee TGLPA
g
S 04
=
o
0,3
02
0.1
0.0
-01
5000 0 5000 10000 15000 20000 25000 30000 35000 40000

tc
Puc.3. Biusane TMIUAHOTO COCTOSHUS Opranu3Ma Ha oOMeH nunuaamu Mexay JITTOHIT u
JITIBII,, JITIBII;: A — oxxupenue, b — HopmanbHbIi opranusm, B — ncromienue.
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Puc. 3. BnusHue JHMIIUIHOTO COCTOSHHS OpraHM3Ma Ha OOMEH JIMIHIAMUA MEXIy
JITTIOHII u JITIBII,, JITIBII;: A - oxupenue, b - HopmanbHblid opranusM, B - ucromenue

HUM HCIIOJIb30BaHHBIM B 3KCIIEPUMEHTE in Vitro ycJioBUsAM okuciieHus. OKucieHue
yunoB JITTHIT nmpuBOIUT K TOSIBICHUIO OKUCIICHHBIX MOAM(DHIIMPOBAHHBIX JIUIIO-
MPOTEHMHOB, TaK KaK 00pa3yOIIHeCcs THIPOICPOKCHU IBI IUMHUIOB MOTYT pa3pyliaTh U
Mo U HUIIUPOBaTh OeoK apoB, BeiieacTBHE Yero 00pa3yrTCs BBICOKOAKTHBHBIC CO-
crostaust JITTHII. TodHbIe COOBITHS, TPUBOIAIINE K 00Pa30BaHUIO OKHCICHHOW MO-
mudukanuu JIITHIT in vivo, akTHBHO U3y4arOTCsl B HACTOSIIEE BPEMsT; P 3TOM IIe-
PCHOC UMEIOIIUXCS B KJICTKax (MCUeHH WK NepudepruIecKuX TKAHEH) OKUCICHHBIX
JUMHIOB OT KJIETOK WIIM JIMITOTIPOTEWHOB BaxkeH Jutsa mporieccoB OTX u pocra Oisi-
IIeK Tpu aTeporeHe3e. Hmke mpepacTaBieHbl KHHETHYSCKIE N3MEHEHHUSI KOHIICHTpa-
uuu JIITHIT u moguduuuposannoit JIITHIT™ (LPs). Ha puc.2 npencrapnenst JIITHIT
u JITTHIT™ B pesyabrate okucienus 3a 30 000 cex. BHAHO, YTO KOJIMYECTBO MOJIHU-
dunmpoBannsix JITTHIT 3a 310 BpeMs B ciydae MUHHMAJIHHOTO IMOTOKA PaIUKAIOB
cocrapisieT npubnusurenasHo 0,006 MMoIIb U yBeTHUUBAETCS ~ B 9 pa3 pH yBeIuue-
HUH TIOTOKa PAIUKAIOB B 5 pa3 u B ~270 pa3 npu yBEIMYCHUHU MOTOKA PAJUKAJIOB B
10 pas.

Beuto WMccnenoBaHO BIMSHUE HAYAJBLHOTO JIMIATHOTO COCTOSIHHS OpraHW3Ma
(0oXupeHue, HopMaJbHBIH OpraHu3M, HCTOIICHNE) Ha OKUCIICHUE W OOMEH JIUIHIaMHU
JUTSI HEOKUCIIEHHOTO ¥ MOAM(HUIIMPOBaHHOTO BeencTBue okucienus JITTHIT.

OOMEH JUMUIaMu MEXAY JIAMTOTIPOTEHHAMH HHU3KOW M BBICOKOH TUIOTHOCTH
IpejcTaBlIeH Ha puc.3.

Bunno, 4to mporecc oOMEHa TUMUAAAMH MEXKIY JIUIOMPOTCHHAMHU HUMEET JIBE
(hazsr — OpicTpyrO (1) M MeTeHHyto (2). B Tabn.3 nmpuBeaeHb OCHOBHBIE XapaKTepH-
CTUKH TIporiecca oOMeHa (KOHIIEHTPAIMH JIMIKIA0B B HadaJbHBI W KOHEYHBIA MO-
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Ta6auua 3. Oomen smnunamu CE u Tg mexny LP u LP;, LP, npu oxxupenun, B
HOpPMaJIBHOM OpPT'aHU3MeE U B HCTOIIEHHOM opranusme npu p, =0,0001 3a 10u

CErp
Co: Crp, CK; trp, Vrp, Vl; VZ,
MM MM MM MM/4 MM/ MM/4 MM/4
Oxupenue 1,325 1,77 3,59 3,08 0,29 0,144 0,074
Hopwmanbhsrit opranmsm | 0,265 0,65 0,748 |23 0,073 0,168 0,013
HUcromenune 0,1 0,335 0,37 2,083 0,037 0,113 0,0044
TgLpi
Oxupene 4,03 2,3 1,73 3,08 -0,287 | -0,56 -0,082
Hopwmanbhslit oprannsm | 0,806 0,388 0,312 | 2,61 -0,095 |-0,203 |-0,01
HUcromenune 0,405 0,172 0,13 1,94 -0,039 |-0,12 -0,0052

Ta6auna 4. U3smenenne CE u Tg LP; B Tpex cocTosHUSAX oprann3ma (0XHpeHue,
HOPMAJIBHBII OpraHu3M, HCTOIICHHE) PH pa3anyHbIX KoHneHTpanusx CETP

CETP, MM |o,052 \0,0052 \0,00052 \0,052 |0,0052 |0,00052
CEvp2
CE, mM CE, MM V¢, CE, MM/u
Oxupenne 4368 3,94 421 4,36 -0,051 [ -0,019 -0,00096
HopmainbHblii opra- | 2,184 1,84 2,04 2,17 0,041 | -0,017 -0,0017
HU3M
Hctowenne 1,092 0,863 | 0,965 | 1,075 -0,027 | -0,015 -0,0020
Tgrp2
Tgo, mM Tgy, MM Ve Tg, MM/u
OxupeHne 0,884 1,27 1,03 0,9 0,046 [0,017 0,0019
HopwmanbHblii opra- | 0,442 0,77 0,59 0,48 0,039 |0,018 0,0046
HU3M
Uctommenue 0,221 0,445 [0,35 0,237 0,027 [0,015 0,0019

MeHT BpeMeHu Cy u Cy, COOTBETCTBEHHO, U CPEIHUE CKOPOCTU 0OMEHa B OBICTPOil U
MeqeHHol dazax Vi u V,, a Taxke BpeMs t, U CKOPOCTh 0OMeHa V,, Ha IpaHHMIIE
JByX (a3) Impu pasnMYHBIX JUIUIHBIX COCTOSIHUAX OpraHu3Ma (HOpMajlbHOE COCTOSI-
HHE, 0XKHUPEHUE U UCTOIICHUE).

PacueTbl mokasbIBalOT, YTO JIMIIMAHOE COCTOSIHUE HE BIMSET Ha HAIIPABIICHUE
nepeaaun nununaoB: Tg nepenocstcs ot JIIIOHIT x JITIBIL, a CE mepenocstcs ot
JITIBIT x JITTOHIT B 11060M JIMITUAHOM COCTOSIHHH, YTO MOATBEPKIAETCA paboTaMu
[19, 20], a g JITTHIT Hao6opoT: Tpurimmepuasl neperocstes ot JITIBIT k JITTHII, a
CE — ot JIITHIT « JITIBII. CxopocTu nepenadu 3aBUCAT OT JIMMTUIHOTO COCTOSTHUS:
4yeM Bbllle HauanbHas KoHueHTpauusi CE u Tg, Tem Gonblie cKOpOCTh mepenadyu Jin-
nuaoB. CpaBHEHHE NEpeJaHHbIX U MOdy4eHHbIX apyrumu JIIT numuoos mokaseiBaer,
YTO TETepOOOMEH HE OMFCHIBACT MOJHOCTHIO Iepeaady JIunuaoB. [loBuaumomy, orr-
PEAENCHHYIO POJIb OKA3bIBAIOT IIPOLECCHI NIEpefaur JUINIOB M0 APYTUM MEXAHU3-
Mam.
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Taoanua 5. Jleitcteue CETP Ha nunuaueiii oomen mexay LP, u LP;, LP,
npu pa3nuuHbix KoHueHTpaiusx CETP

CETP, MM [0,00052  0,0052 0,052 [0,00052 [0,0052 [0,052
CELp
Hauanenas KoneuHast koHLIIEHTpaLus, Cpennsist ckopocTs 0OMeHa, MM/4
KOHIIEHTpa- MM
nusi, MM
OxupeHue 1,325 1,413 2,066 3,55 0,0088 0,0741 0,2225
Hopwmanensrit | 0,265 0,302 0,529 0,754 | 0,0037 0,0264 0,0489
OpraHu3M
Hcromenune 0,1 0,13 0,286 0,369 | 0,003 0,0186 0,0269
Tgrrs
OxupeHue 0,0494 0,052 0,073 0,12 0,0026 0,00236 | 0,00706
Hopwmansnsriit | 0,0494 0,053 0,08 0,108 | 0,00036 0,003 0,00586
OpraHu3M
HUcrommenune 0,0494 0,055 0,082 0,097 | 0,00056 0,00326 | 0,00476
Tgrps
OxupeHue 0,00598 0,011 0,048 0,132 | 0,0005 0,0042 0,00826
Hopwmansnsiit | 0,00598 0,0144 0,066 0,119 | 0,00084 0,006 0,0113
OpraHu3M
HcTromenune 0,00598 0,0172 0,076 0,107 |0,00112 0,007 0,01
CETP, MM 0,00052 [0,0052 | 0,052 [0,00052 |0,0052 | 0,052
Tgrei
Havansnas Koneunas xoHneHTpanus, Cpennsist ckopocTh oOMeHa, MM/4
KOHIIEHTpa- MM
nust, MM
OxupeHue 4,03 3,95 3,288 1,788 | -0,008 -0,0742 | -0,2242
Hopwmansnsriit | 0,806 0,77 0,54 0,31 -0,0036 -0,0266 | -0,049
OpraHu3M
Hctomenue 0,403 0,374 0,217 0,13 -0,0029 -0,0186 | -0,0273
CELps
OxupeHue 0,325 0,323 0,301 0,253 | -0,0002 -0,0024 | -0,0072
Hopwmanensrit | 0,325 0,321 0,29 0,264 | -0,0004 -0,0035 | -0,0061
OpraHu3M
Hctomenue 0,325 0,319 0,292 0,274 | -0,0006 -0,0033 | -0,0051
CELp4
OxupeHue 0,406 0,402 0,365 0,279 | -0,0004 -0,0041 -0,0127
Hopwmansnsrit | 0,406 0,398 0,345 0,29 -0,0008 -0,0061 -0,0116
OpraHu3M
HUcromenune 0,406 0,396 0,336 0,302 | -0,001 -0,007 -0,0104

B pabote 0but0 n3ydeno aeticreue akruBHoct CETP Ha 0OMeH nmunuaamu me-
Ky JTUIONPOTEMHAMH HU3KO U BbICOKOH mnoTHOCTH (puc.4). Bnusaue CETP noka-
3aJ10, 9YTO Ka4eCTBEHHO TOoBeeHNe kKoHeuHo# koHteHTparmu CETP 3a ~10 gacoB u
CKOPOCTH M3MEHEHUs €TO KOHLEHTPAIMK pH OOMEHEe JIUMUIaMH HE 3aBUCUT OT JIU-
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MUTHOTO COCTOSIHUSI OpraHW3Ma W MPOUCXOIHUT YMEHBIICHHE Y(HPOB XOJeCTepHUHA
(CE) JIITHIT n yBenmmuenue tpurmaunepunos (Tg) JIITHII mpu oOMeHe mummumaMu.
KommuaectBenHo (cM. Tab6.4) ckopocTH OOMEHa pacTyT C POCTOM KOHLIEHTPAaLUH
CETP kak B cTOpOHy yBenuuyeHHs], Tak U B ctopoHy ymenbuienuss CE u Tg, u stor
pocT (mageHne) yBeImduBaeTcs ~ B 25 pa3 npu m3MeHeHnH koHreHTparmu CETP B
100 pa3z o Tg u ~ B 50 pa3 no CE npu Tex ke yCIOBHSAX.

Moszexyna CETP urpaer BakHy!0 pojib B 0OpaTHOM TpaHCIOPTE XOJIECTepHHA
(OTX), obecrreunBast nepernoc CE B oomern Ha Tg ot JIIBII x JITTIOHIT u JITTHII,
KOTOpbIe 00pa3ytoTcs B medeHn npu 3axsate JIITHII ¢ momomntsio momekyn LDL-R
(peuenroper JIITHIT). DTo0 yacTh OWHANPABICHHOTO OOMEHA, KOTOPBIA BKIIFOYACT
Takxke nepenoc Tpuriunepuaos ot JITOHIT u JITTHIT x JITIBII, kak ObuT0 MOKa3aHO
Ha puc.l.

Ces3p mexny CETP u arepockiiepo3oM KOpPOHAapHBIX COCYJOB IOJIHOCTBIO HE
BbIsiIcHeHa. PaboTel mo BiumsiHUIO KoHuUeHTpauuu CETP Ha pesynbTupyrommii oOMeH
HOCST IIPOTHBOPEUHBEINA XapakTep. B HacTosimei paboTe mpoBeeH aHaIu3 JeHCTBU
CETP =Ha oOMeH numuiaMu 1o YeTHOYHO# Mozxenn. Ha puc. 4 mpuBeneHs! pe3ynbTa-
Th1 aeictBust CETP nHa oOMmeH nmunuaamu mexay JIIT HU3K0M ¢ BBICOKOM MIOTHOCTH
Pa3MTUYHBIX JIMMMUIHBIX cocTostHUAX. Ha xaxknom u3 puc. A, b u B geiicteue CETP
MpoUCXoauT Nipu HopMabHO# KoHIeHTpauu CETP (B), a Takke npu gecaTUKpaTHO
MOBBIIICHHON (A) U AeCATUKpaTHO NOHIKeHHOU KoHLeHTpauuu CETP (B).

Beimie Obutv omucaHbl 0coOCHHOCTH oOMena yunumamu Mexay JIIIOHIT u
JITIBII. PaccMoTpuM Temnephb 3TH ke 0COOSHHOCTH 0OMeHa MPY HAIMINH OKHCIICHHUS,
TO ecTh B cirydae oomeHa mexay JIITHIT u JITIBII — mpu ogHOBpEMEHHOM BO3/IEHCT-
BUU MOTOKa pagukanoB u koHueHTpauun CETP Ha nmpouecc oOmena nunuaamu. Pe-
3yNbTaTHl PAacYeTOB MIPHUBEACHBI Ha PUC.5 U B Ta0.6.

Kak BuaHO W3 aHanu3a KMHETHMYECKUX JAHHBIX, [eperava JIMIUIOB ONpeacss-
Jlach OKUCIICHHEM Oonble, yeM oOMeHoM, B pesynbrare yero CE y LP, ymenbma-
noch, a Tgpps, Tgrps yBENMUUBANIOCH U TEM OBICTpEE, UeM OoJblIe pr (cM. Tabi.0).

[IpoBeneHHBIH aHAIN3 MOKET OBITH TOJIC3EH MPH pa3paboTKe MOAETH 0OpaTHO-
IO TPAHCIOPTa XOJIECTEPHHA M B LIEJIOM — NPU M3YYCHHUH METaboJIM3Ma JIMIHAOB B
OpraHusMe.

O06cy:xk1eHUue pe3yabTaToOB. UTOOBI OIICHUTH BKIJIA] TIOJIYYCHHBIX B paboTe pe-
3yJIbTAaTOB MOJENBHBIX pacueToB, HeoOxonumo nomHuTh o posnu JIIHII-CE u
JINIBII-CE (xonectepun JIITHIT u JITIBII, COOTBETCTBEHHO) B OYMIIEHUU KPOBOTOKA
ot xonectepuna. Kak nzectHo, JITIBII nmepenocst nzbeitok xonectepuna JINIBIT-CE
OT nepudepuIecKix TKaHel B IIe4eHb JJIsl OCJIeYIOIIEro ero yAalueH s IeUeHbI0 U3
opranusma. B 1o xe Bpems ynanenue JIITHII-C u3 kxpoBOoTOKa perynupyercss MoJe-
kynamu LDL-R, Haxomsmmmucs Ha MOBEPXHOCTH KIIETOK redeHu. OHU Je3aKTHBH-
PYIOTCS TIpH YBEIWYCHUH MTEYEHOYHOTO ITyJIa XOJIEeCTepPHHA, YTO 00eCIeunBaeT pocT
mnazMenHoro JIITHIT-CE. OgHako mpu MOCTOSIHHOM NPUTOKE MHUILEBOTO XOJIEeCTepu-
Ha HEKOTOPbIC HACBHIIIEHHbIC KUPHBIC KUCIOTHI CHIDKAIOT aKTUBHOCTb, a PsiJ HEHa-
CBILLEHHBIX HUPHBIX KUCIOT NOBBINAET akTUBHOCTh LDL-R, cHmkas neuyeHOUHbII
ImyJa XoJecTepuHa. Tak, Mo-BUANMOMY, PEryJupyeTcsl MUILEBON MOTOK XOJIECTepPHHA
JITTHII-C B nevyeHu ¥ 4aCTUYHO B TUIa3Me.
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Puc. S. Bimusaue oxucnenus u oomena Ha nepenady CE u Tg mexxny JIITHIIL, JITIBII, u
JIIIBIIL;. Pacuer mpoBoxwmics npu CETP=0,052 MM npu oxupennn. OKucIeHHE TIPOBO-
JWIIOCH TIPH Pa3HBIX MMOTOKAX pafuKanoB. KOHIEHTpanyy TUNKUAOB JaHbI IS ITyaa Ha 1 1
IUTa3MBl B TIPUBEACHHOM BHJE: IIyT€M JEJeHMs Ha MaKCUManbHylo KoHIeHTparuio (CE-
maxpoolLPZZ1 19,465 TgmaxpoomP3:0a 1 95, TgmaxpoolLP4:0a332)
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Ta6auna 6. OCHOBHbIE XapaKTEpPUCTHKU oOMeHa nmunugamu LP, u LP;, LP, mpu
okucieHuu LP,

pr, MM/c
CEvp
Hauane- | I'pannu- Koneunas | I'pa- Cpennsis | Cpennsst | Cpenusist
Hasg KOH- | Hasl KOH- | KOHLIEH- HUYHOE | CKOPOCTB | CKOPOCTh | CKOPOCTb 3a
LEHTpa- | LIEHTpa- Tpauus, Bpems, | B I dase, | Bo Il dase, | monnoe
s, MM | s, MM MM ceK MM/4 MM/4 BpeMs
OKHUCIIEHMS,
MM/4
0,0001 1 0,783 0,52 6400 -0,0122 | -0,0032 -0,0048
0,0005 1 0,44 0,14 11500 | -0,175 -0,044 -0,0086
0,001 1 0,27 0,04 11500 |-0,228 -0,029 -0,00925
TgLes

0,0001 0,045 0,77
0,0005 0,045 0,82
0,001 0,045 0,83
Tgips
0,0001 0,407 0,65 11500 | 0,0757 0,0441 0,0542
0,0005 0,407 0,72 12000 | 0,0939 0,042 0,0593
0,001 0,407 0,8 1 12500 | 0,113 0,0326 0,0605

—

12000 | 0,218 0,0234 0,0882
10500 | 0,266 0,0466 0,110
9500 0,303 0,0538 0,119

—

—

—_

—_

Uro xacaercs ponu JIIIBII B OTX, To 31ech Ha NepBBIi IIaH BBICTYNAOT MIPO-
neccsl oomeHa snuaamu Mexxay JITIOHIT u JITIBIT B nepudepuueckux TKaHIX C
MOCTIEAYIOIINM TIEPEHOCOM JIMIHIOB B TiedeHb. OOMEH NMUIHIaMH B KOpE JHIOTPO-
TEeUHOB, KaK U3BECTHO, perynupyercst koHueHtparueit CETP, mpu 3ToMm ¢ poctom
koHueHTpanuu CETP, kak nmokaszanu pacueTsl, pacTeT KOJHMYECTBO JIMUIIUIOB, ydacT-
Bytommux B oOMeHe. OnnHako, B ciny4dae, koraa JITTHIT npoHUKaroT B SNIUTENWH U TI0-
MaJal0T B OKUCIUTENbHBIC YCIOBUS, TOJ AeiicTBUeM noToka paaukaios JIITHIT mo-
JUOUIMPYIOTCS U KOJMYECTBO HEOKUCIICHHBIX JIMIINAOB YMEHbIIAeTCs. DTO yMEHb-
IIEHUE 32 CYET OKMCIICHHS! NPH HEOOJBLIMX IOTOKAX PaJMKAIOB HEBEIMKO M UM
MOXHO TpuHEeOpedb. OHO MOJKET IPEBBINATh IMEPEHOC HEOKUCIICHHBIX JIUIHIIOB
TOJIBKO IPU OYEHb OOJIBIIMX MTOTOKAX paaukaioB. Takoit addexT nmpu onpeneneHHbIX
yCIIOBUSIX MOXKET cyuiecTBeHHO u3MeHUTh OTX. M 3T0 MOXKeT cka3aTbcs Kak Ha Me-
ToaxX Moadopa JEKapCcTB, TaK M HA METOJax JICUCHHUS OONBHBIX CEpACIHOCOCYIH-
CTBIMH 3200JICBaHUSIMU IS JIIOCH, HaXOAAIIMXCA B HEOIArOMpPUATHBIX 3KOJIOTHYC-
CKUX YCIOBUSIX (CHJIBHO 3arpsi3HEHHbIE IPOMBIIILIEHHBIE TOPOA).
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IJexamonina C. A., Kapiok B. H.

OO0MiH gdinminamMu Mixk JinonporeiHaMu HU3bKOI i BUCOKOI IIIJILHOCTI
3 ypaxyBaHHSIM OKHCJICHHS JINONPOTEIHiB HU3bKOI IIJILHOCTI

AHOTALIA

Y pobomi sanpononoseamna moougikosana MmoOenv  nepeHeceHHs  NiNiOiG  MidxC
ninonpomeinamu  Husbkoi i eucokoi winenocmi (JIITHLL] i JIIIBIL). Mooupixayis
CMOCyeEmbCsi 6e0€HHsL 8 MOOeNb 00MIHY ninidamu 6 cminyi cyounu JIITHLL], moougikyromsca
nio dieto nomoky paouxanis, 3 JIIIBLI]. Buguerno éniueé nomoky paouxanis, 1inioHo2o cmawy
opeanizmy i konyemmpayii CETP ua o6min ninidamu. Ananiz MoOenbHux po3paxyHkie
NOKA3YE, WO 8 YMOBAX Oii NOMOKI8 PAOUKANIE 3i WEUOKICIIO nepeHecen s eqipie xonecmepu-
ny (CE) i mpueniyepuodis (Tg) mixnc JIITHLL i JIIIBILI] sminwe ceiti xapakmep: CE nepeno-
caimuvesi 00 JITBLL, a Tg - 0o JIITHII]. Taka 3mina xapakmepy nepenHecents Modice 6NIuHymu
Ha 36opomuuill mpancnopm xonecmepuny (3TX).

Tchekatolina S. A., Garyuk V. N.

Lipid exchange between lipoproteins of low and high
density taking into account the oxidation of low-density lipoproteins

SUMMARY

A modified model of lipid transfer between low and high density lipoproteins (LDL and
HDL) has been proposed. The modification concerns the introduction of a model for the ex-
change between LDL modified by the flow of radicals in the vessel wall and HDL. The influ-
ence of the flow of radicals, the lipid state of the organism and the concentration of CETP on
the exchange of lipids was studied. Analysis of model calculations shows that under the con-
ditions of the action of large radical fluxes, the transfer of cholesterol esters (CE) and trigly-
cerides (Tg) between LDL and HDL changes its character: CE is transferred to HDL and Tg -
to LDL. Such a change in the nature of the transfer may have an effect on cholesterol reverse
transport (RCT).
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Universal description of the biofilms growth dynamic in logistic model

We study experimental and theoretical dependences of growth dynamics of Pseudomonas
aeruginsa biofilms and dynamics of yeast biomass growth. It is revealed that the process of
growth of yeast biomass passes into the state of t,.. three times faster than the formation of
biofilm. Analysis of experimental data showed that the biofilm had been continuously growing
in the first three days. After the third day, the accumulation of biomass in the biofilm stopped
and for the next four days of biofilm observation it remained constant, which indicates com-
petitive mechanisms of interaction. As can be seen, the population is stable at the second
stage. Basic growth regimes of proximity with different dynamic characteristics are shown.

The universal description of the biofilms growth dynamic was obtained. Defined parameter
of the biological population growth generalized dynamics t* uniquely characterized by N* de-
termining parameter and control parameters o and . The parameter o is determined by the
ratio between the radius of individual activity of the population and the characteristic size of
the area. The parameter [ is determined by competitive interactions, properties of the envi-
ronment and by cell-to-cell communication. The universal model was proved for Pseudomo-
nas aeruginsa biofilm. The results of the experiments are consistent with the calculated data.

Introduction. Today, discovery of the biofilm formation process causes interest
in microbiologist, biophysics and physicians.

Bacterial biofilm is a complex self-organizing form of bacterial existence. Com-
plex three-dimensional organisation and "social behaviour" phenomena are the spe-
cific attributes of bacterial biofilms. Biofilm formation is response function on ex-
tracellular impacts of the external environment and in the other hand, on perturba-
tions, produced by microorganisms cells.

Theoretical investigation of nonequilibrium thermodynamic of bacterial biofilms
held within the framework of main theory of the biology population models [4-7]. At
the same time, methods of the theoretical analysis of the biofilms growth dynamics
experimental data represented slightly. Today, there is no theoretically substantiated
methods for the generalization of biofilms growth dynamics experimental data.

The aim of this work is development of a theoretically substantiated method of
experimental data generalization analysis in the framework of the biology popula-
tions general models.

Theory. Any biological population characterized first of all by activity radius
and areal size [4, 5]. In the case when activity radius is bigger than areal size, such
population can be characterized as well mixed and spatial effects can be ignored in its
description. In the opposite case, it is necessary to consider the spatial distribution of
the population.

30 DOI: http://dx.doi.org/10.18524/0367-1631.2018.55.149879



Disuka aepoaucnepcHux cucrem. — 2018. — Ne 55. — C. 30-36

If, in the first approximation to assume that population has a uniform distribu-
tion on the areal, all individuals in population are similar, and population density N(t)
- continuously differentiable function, that local population dynamic, growth function
F(N) can be represented by the next models: linear growth functions (Malthusian type
models), quadratic growth functions (logistic model type), cubic growth function
(Alle models type) [5, 7].

In the future, for definiteness, we will consider a logistic type of local popula-
tion dynamic.

Populations with logistic model of growth is defined as follows [4, 6]:

dN N
F(N) o rN[l K)' 1)
In equation (1) parameter » — call Malthusian, and K — environment "capacity".

It is necessary to make some clarification. Usually, a typical form of the func-
tion F(t) are not known. Natural approach in conditions of incomplete information
about growth function is its representation in the form of a polynomial the minimum
necessary extent is an expansion in a Taylor series in the neighbourhood of the equi-
librium values of the density. The equation (1) is obtained by assuming the existence
of a series expansion with integral exponent. This assumption is valid for well mixed
populations.

In general, Pseudomonas aeruginosa growth law of logistic population written

in the form:
N o

It is clear, that when o = 1 we see a logistic law.
To further it is expedient to write a Pseudomonas aeruginosa growth law in the

next way:
1 dN NY
f(N)—WI—V[l—[EJ J (3)

AN) function describes the dependence of the relative growth rate, called the Malthu-
sian population function.
Connection with the Malthusian function and Malthusian parameter is deter-
mined by:
SNy =7 “)
In what follows, for the generalized analysis experimental data of density of
population growth N(f) appropriate to introduce a generalized Malthusian function.

¢<N>=%f(N)NQO. 5)

In biological populations dynamic models Malthusian parameter is defined as
= n — m, where n — "natural birth rate" and m — "natural death rate" [5, 6]. We intro-
duce by analogy with "birth-death" Malthusian parameter for bacterial biofilms as a
ratio between "lifetime" of bacterial cells in the biofilm and a "lifetime" of bacterial
cells in the planctonic culture.
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Precise, theoretically substantiated methods of Malthusian parameter calculation
for biofilm is not exist. Therefore, subsequently, in the analysis of experimental data,
Malthusian parameter of biofilm will count according to the definition (4).

To calculate the function N(¢) that characterized a biofilm growth dynamic, inte-

grating the equation (3) we obtain:
N

I A ©

I N( (N/K ) .
When a = 1, the equation (6) is solved analytically [3]. When a takes a frac-

tional value, analytical to solved (6) is impossible. So, cut and dried equation, that
describes biofilm growth dynamic is recorded like:
1 T dN
Lo N(1-(V/K)Y)

In equation (7) Ny and ¢, are arbitrarily small nonzero coordinates of a point on
the phase diagram, that describe biofilm growth dynamic, for which is determined a
Malthusian parameter r.

For comparative analysis of the biofilms growth dynamics, obtained under dif-
ferent conditions, spend a similarity transformation equations (3) and (7). We intro-
duce the following dimensionless variables:

« . N

f=—r N'=——. ®)
t

max max

(7

e and N, parameters are the coordinates of a point on the phase diagram, that
determining completion of the biofilm formation.
We will rewrite equations (3) and (7) in coordinates (8):

1 dN* N'N_ Y
NYy=—20 1| A 9
SN N dar maxr( [ X ]] ©)
and
A BEEA dN*
r=t+ j (10)

max

Pl 3o N* (1—(N N /K)“)'

Let us analyze the equations (9) and (10). On the basis of equilibrium thermody-
namics, we can show the feasibility of the following approximations: (Z,.7) and
(Nua/K) values of the order of unity. However, a rigorous proof of this approxima-
tion is beyond the scope of this paper. So, subsequently, we will evaluate a values of
(tnawr) and (N,,.,/K) by experimental data.

Can also be suggested, that in a first approximation, a certain contribution to the

integral in the right part of equation contribute a rnernber(N N, / K )u. t* value in-

crease with increasing of this member. So, in a first approximation, we can write the
condition of dynamic similarity of the biofilm formation process (formally, biological
population increasing process) in the next way:
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=S [(BN*)]. (11

In formula (11) S — similarity function; f — depends on the value of (¢,,r) and
(No/K) and determined experimentally.

Results and discussion. To check the adequacy of the conditions of similarity
(11) we examined two thermodynamic systems - biofilm growth dynamic (Fig. 1) and
yeast biomass growth dynamic (Fig. 2) [1].

It should be noted that yeast biomass growth process passes to state T, in three
times faster than a biofilm formation.

We begin analysis of experimental data with consideration of the biofilm growth
dynamic of Pseudomonas aeruginosa. Study of the dynamics of biofilm formation
during the week showed, that a biofilm was continuously growing at first three days.
After the third day biomass accumulation into the biofilm stopped and on the next
four days of observation biofilm mass were permanent [2].

The calculation of maltusian function f{N) for biofilm growth dynamic (Fig. 1)
were performed by numerical differentiation method (Stirling interpolation formula)
[3].

On Fig. 3 there is a dependence of g = 1 — @(N*) from N*. Fig. 3 shows that this
dependence does not meet the logistic law for which the graph of [1 — @(N*)] from
N* should be strictly straight line segment. On Fig. 3 there is a schedule of the In[1 —
o(N*)] from InN* dependence. This graph is a generalized logistic function which is
expressed by equations (3). On the basis of numerical analysis graphical representa-
tion of the equation (3) as a In[1 — @(N*)] from InN* we took the equations:

O(N*)=1—1.68(N*)'** | 0 <N*<0.3; (12)
O(N*) =1 —0.96(N*)*" 0.4 <N*<1.0. (13)
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Equations (12) and (13) allow us to calculate the generalized Malthusian func-
tion of the biofilm with a minimum relative deviation + ¢ = 7.8 %.

Analysis, spent in the same sequence for yeast biomass growth dynamic, show
the same deviations from the logistic law. However, in this case, the In[1 — @(N*)]
from InNV* dependence is a straight line segment over the entire range 0 < N* < 1, and
is written as follows:

O(N*) =1 — 1.1(\N*)*" (14)

Equation (14) allows us to calculate generalized Malthusian function of the
yeasts dynamics growth with a maximum deviation + ¢ = 7.3 %. Now, spend the cal-
culation time required to reach an arbitrary state N* for a biofilm formation process
and yeasts growth with equation (7).

For a biofilm growth dynamic equation (7) written as follows:

N* *
1=0.5]1- L for 0 < N*<0.3 (15)
ohs N*(l—(1.39N*) ' )
N* 5
t=1,,+05 N for 0.4 < N* < 1.0 (16)

oo N* (1 ~(0.04N° )°'73)

For yeasts biomass growth dynamic:

N* dN*
1=6+333
" OLN*(1—(1.13N*)°'”)

The integration is carried out numerically by Newton-Cotes quadrature formulas
[3]. The maximum relative deviation in the calculation according to the equations
(15), (16), (17) £ 6 =9.8 %.

Now, consider the similarity of the dynamic behaviour of the P. aeruginosa
biofilm and yeasts biomass defined by the formula (11). There is a dependence graph

for 0.03 <N*<1.0 (15)
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of ¢* from Z = (BN*)* on the Fig. 5, where o and B are determined as a parameters of
the equations (15), (16), (17). From Fig. 5 it is clear that similarity conditions defined
by the formula (11) performed well enough. However, dependence In #* from InZ
(Fig. 6) has a singular point, as shown by further analysis. There is a dependence of
In #* from In Z on Fig. 6, where Z = 0,55 is a breakpoint. Thus, the formula of simi-
larity (11) must be written as follows:
*=0.362"°, 0<7<0.55; (18)
*=0.622"°,055<2<12 (19)
Formulas (18) and (19) allow to calculate the universal characteristic of the bio-
populations growth dynamics with maximum relative deviation + ¢ = 9.7 %.

Conclusions:

In this paper we have developed a universal description of the biofilms growth
logistic dynamic. The dynamics of growth takes place in two stages. On a second
stage population is stable a>1. It was shown the essential closeness growth regimes
with different dynamic characteristics.
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Jicoy Xyioi, /lpacan I'. C., Kymapoe B.B., I'anxin M.b. ®ininosa T.0.
YHuBepcajJbHMi onuc JMHAMIKH pocTy OionuliBKHU B JoricTuuHiil MmoaeJi

AHOTANLIA

Buguaromscsi excnepumenmanvhi ma meopemudHi 3aieicHoCmi OUHAMIKU pocmy bionii-
60k Pseudomonas aeruginsa i ounamiku pocmy biomacu Opixcoxcis. Busasneno, wo npoyec
3pocmanHs biomacu OpixcOHCie nepexooums 6 CIMan tmax 6 mpu pasu weuoute, Hixc ymeo-
peHHsi bionnieku. AHani3 eKCnepUMEeHMAIbHUX OAHUX NOKA3as, wjo Oioniieka Oes3nepepeHo
3pocmae 6 nepwuii mpu OHi. Ilicna mpemvoeo OHA HAKONuYeHHs biomacu 8 OIONIieKU NPUNUHU-
JI0CsL [ NPOMsI20M HACMYNHUX 4OMUPLOX OHI8 CROCMEPediCeH s Dionaieku 6y10 NOCMIHUM,
Wo 6KA3YE HA KOHKYPEHMHI MexaHismu 83aemooii. Ak 6uoHo, Ha Opyeomy emani HAceneHHs
cmabinero. Tlokazarni 0CHOBHI pedxcumu 3p0Cmantsi 6AULKOCMI 3 PI3HUMU OUHAMIMHUMU XA~
PaKmepucmuxamu.

Ompumano ynieepcanvhuii onuc OuHamixu pocmy 6ionnisku. Busnauenuii napamemp y3a-
2anbHeHol OUHAMIKU pocmy 6iono2iunoi nonyasayii t * 00HO3HAUHO XapaKmepusyEmvCs 6U3HA-
uanvhum napamempom N * i napamempamu ynpagninus o i . llapamemp o 6usnavacmucs gi-
OHOWLEHHAM MIXHC padiycoM iHOUBIOYanbHOI AKMUBHOCIT NONYAAYIL | XApaAKmepHUM po3mipom
naowi. Ilapamemp P 6usHaUacmMbCsa KOHKYPEHMHUMY 83AEMOOISMU, BIACIMUBOCAMU Cepedo-
suwa i 36'a3xom migc ocepeokamu. YHieepcanvha moodenv 0yaa dosedena Ons OGionnieku
Pseudomonas aeruginsa. Pe3ynomamu excnepumenmis y32000Cyiombcsi 3 004ucIenumy oa-
HUMU.

[coy Xyrou, /Ipazan I'. C., Kymapoe B.B., I'arkun H.b. @ununoea T.0.
YHuBepcanbHOe onicaHue TUMHAMMKH POCTa OUONJIEHKH
B JIOTHCTHYECKOH MOIe]IN

AHHOTALUA

Hsyuaromes sxcnepumenmanvhvle U Meopemuyeckue 3aeUCUMOCIU OUHAMUKU POCMA
buonnenox Pseudomonas aeruginsa u ounamuxu pocma 6uomaccel opooicicell. Boisenero,
umo npoyecc pocma GUOMACCyL OPONHCIHCell Nepexooum 6 COCMosHUe tmax 6 mpu pasa ovicm-
pee, yem obpazosanue OuonieHKu. AHanu3 sKCNepUMEeHMAIbHbIX OAHHLIX NOKA3A, YMo 6uo-
NIeHKa HenpepuleHo pacmem 8 nepevie mpu Ous. Ilocne mpemve2o Ons nakonienue duomac-
Cbl 8 OUONIEHKE NPEeKPAMUIOCh U 6 medeHue Cledyiowux yemoipex OHell HAON00eHUs Ouo-
NAEHKU ObLIO NOCMOSHHBIM, YMO YKA3bl6Aem HA KOHKYPEHMHble MeXAHU3Mbl 63aAUMOOeUCH-
eus. Ha emopom smane nacenenue cmabunvho. Ilokazamvl 0CHOGHbIE pedcuMbl pocma O1u30-
cmu ¢ pasnudHLIMU OUHAMUYECKUMU XAPAKMEPUCTUKAMU.

Tonyueno ynusepcanvnoe onucanue ouHamuxu pocma ouonienxu. Onpedenennulii napa-
Memp 0000WeHHOU OUHAMUKU POCma OUOI02UHeCKOU NOnyaAyuu t* 00HO3HAUHO Xapaxkmepu-
3yemcsi onpedensiiowum napamempom N* u napamempamu ynpasnenus o u B. Ilapamemp o
onpeoensiemcsi OMHOuleHUeM MedIcOy Paouycom UHOUBUOYANLHOU AKMUBHOCIU NONYIAYUU U
xapakmephwim pasmepom niowaou. Ilapamemp B onpedensiemcs KOHKYPEHMHbIMU 83AUMO-
OeticmeusMuY, CEOUCMBAMU CPEObl U CE53b10 MedCOy auelikamu. YHueepcanvhas mooens Oviia
Odokazamna Ons 6uonnenku Pseudomonas aeruginsa. Pesynvmambvl 9KCnepumenmos coenacy-
JOMCSL ¢ BLIYUCTEHHBIMU OAHHbIMU.
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Structural characteristics of the epitropic liquid-crystalline layer of oleic acid

The investigations of the structure of thin oleinic acid interlayers bounded by quartz and
metallized substrates were carried out by the method of admixtured adsorption dichroism. It
allowed us to determine structural the existence of epitropic liquid crystalline layers of this
compound and the peculiarities of structural parameters, which affect on the important lu-
bricant characteristic.

Introduction. The phenomenon of formation of structured wall-adjacent epi-
tropic-liquid crystalline (ELC) layers [1] near the lyophilic substrates [1] has now
been established for a number of liquids. These layers (formerly called boundary lay-
ers) affect the stability of dispersed systems and character of coagulation processes.
For example, the fact of rhe existence of a ELC layer on aerosil particles significantly
reduces the rate of sedimentation and the value of the specific volume of the sedi-
mentation residuum[2]. In recent years, ELC layers formed by unsaturated aliphatic
hydrocarbons (alkanes) on conductive substrates attracted the intent attention of re-
searchers [3]. This attention is connected with the fact that alkanes are the basis of
modern lubricating mineral oils [4-6], and ELC layers in friction tribounits increase
the wear resistance of mechanisms [7-9]. The phenomena of the organization of such
structured oil layers at rubbing surfaces usually is due to anti-wear additives (fatty ac-
ids).

It was noticed that a surfactant additive of oleic acid (OA) to alkanes and motor
oils (at a concentration less than 3-5%) leads increases their “lubricity” [10] and to
enlarging of the thickness of their ELC layers [6,11]. It may be connected with the
fact that the OA is capable to organize the ELC phase by itself. Then it is possible to
expect that the established lyophily of metal to OA and peculiarities of the molecular
structure of the latest will provide a significant thickness of the ELC layers at the
metal surfaces of the friction unit. The study of the properties and features of such
OA phase state, in turn, may help to explain the effect of lubricant doping with OA
and improve the theoretical model [12] of this phase state.)

The results of this investigation are important and interesting in the applied as-
pect, as OA is widely used (possible due to the formation of its ELC layers at the in-
terphase boundaries) in various areas of production, such as:

e a plasticizer for paintwork materials production, e.g. it increases the sheeting
(the ability of powder flakes to be parallel to the surface during flotation) of
aluminum powder in a paint;

e a stabilizer of invert emulsions in oil-based drilling fluids and emulsifiers (add-
ing 0.1 wt.% of OA to bitumens increases their ability to emulsification [13]);

e asolubilizing agent and emulsifier in aerosols;
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e components of detergents, linseed oil, varnishes, flotation agents, and compo-
nents of coolant (due to the high wettability and adhesion to metal surface)
while cutting high-alloyed stainless steels and alloys.

Oleic acid ELC Isyers research is also topical as this compound is the base of
modern synthesized lubricating oils (e.g. an OA content in PMO bio-oil is about
91%) and motor fuels from renewable biological resources (rapeseed, seaweed, sun-
flower products, etc.). The presence of ELC in bio-oils and bio-fuels also affects their
technical specification.

Subjects of research. The subject of our study was ELC layers of OA, formed
at quartz, metal (chromium steel 1X12H2BM®) and metallized quartz substrates
(nichrome N20CS80 coating deposited by thermal evaporation). Oleic (cis-9-
octadecenoic) acid is a monounsaturated fatty acid and belongs to the omega-9 class
of unsaturated fatty acids [14].

The molecule of this colorless viscous fluid has a small dipole moment; its formu-
la, melting point 7}, and molecular shape (hard “rod” bent in the form of a boome-
rang) are given in the table. For comparison, a classical Australian Boomerang is
shown in the table next to the image of the OA molecule.

OA formula T, °C The shape of the OA molecule
CH«(CHy,  H

C=C
i (CH,)—COOH 16,3

Research objectives were:

e to establish the possibility and conditions for the formation of ELC state in OA
interlayers bounded by quartz and conductive substrates;

e to determine the structural characteristics (the equilibrium thickness, the type
and degree of molecular ordering)of the OA ELC ;

e to compare the structure of the ELC of the OA layer with the previously stu-
died ELC phase structure of the n-hexadecane (its molecular shape is close to
OA).

Research techniques. The most important structural parameters of an ELC layer
are the following — its type of orientation (the location of anisometric molecules rela-
tive to the surface), the equilibrium thickness dys, and the value of order parameter S.
These structural parameters in thermotropic LC (the mesomorphicity exists in the
bulk [15]) are determined by traditional techniques. But the special optical methods
(in particular, based on the analysis of the intrinsic absorption bands dichroism) were
developed [16, 17] for measurement of characteristics of ultrathin (micron and sub-
micron) ELC interlayers.

However, standard instruments do not allow to measure the parameters of OA
electronic absorption. This is due to the fact that its molecules do not contain unsatu-
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Fig. 1. Thickness dependence of the “guest” optical density in oleic interlayer bounded
by quartz (t = 22.0°C)

rated chemical bonds and therefore its absorption bands are located in the region of
the vacuum ultraviolet (v> 50000 cm™). Therefore, we modified [18] “guest-host”
method well-known in LC researches [19]. The structure of the OA-matrix (the
“host”) in the interlayer was determined by the analysis of the absorption dichroism
(in the region of the atmospheric ultraviolet) of the impurity dye (the “guest”) dis-
solved in the OA. The information obtained in this way is reliable in case of a suffi-
cient isomorphism degree (the comparability of the molecular shape of the matrix and
the impurity).

We used popular organic dyes ("sudan red" and "sudan black") with high molar
extinction and solubility values as "guests" in order to study the structure of ELC
phase in alkane liquids. The positions of their absorption bands maxima are
Amax ~ 0.606 pm and Ay, ~ 0.472 pm, respectively. More elongated, in comparison
with “sudan red”, molecules of “sudan black™ are better comparable in length (/, ~
20,5 A) and in shape with OA molecules, i.e. the degree of isomorphism with the host
molecules is higher for them. However, we mainly used the sudan red dye (/o= 10,5
A) in our experiments. This is due to its higher degree of solubility, greater extinction
value, and thus, the possibility of a more qualitative study of the properties of ultra-
thin (d ~ 0.2 + 10 um) layers of solutions with a low (C ~ 1 + 2 weight%) concentra-
tion [17], in which the presence of a “guest” does not affect the matrix “host” struc-
ture.

The dichroism of the “guests” was measured in the wedge-like heterophase (con-
taining ELC layers) interlayers of studied liquids. A special compression of optically
polished quartz glasses (the cell windows) formed a gap with a slope of
a~0.3+0.4 um/ mm). Its topology was determined from an interferogram obtained
by scanning an unfilled cell [16]. After the gap had been filled up with the studied
liquid, light transmission /(d) was measured with light probe scanning through the
thickness of the wedge-like layer d at the wavelength of the impurity absorption max-
imum.

Experimental values of optical density D=In(/y/]), (normalized to the maximum
light transmission /; in the zone of substrates optical contact), for OA interlayers
bounded by quartz glasses for various thicknesses d are presented in fig.1.
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Fig. 2. Thickness dependence of the linear absorption coefficient of OA interlayer between
dielectric (quartz) substrates (a — average value, b — local value). t=22.0°C, AT=5.7 K

An essential deviation of this dependence from the linear Bouguer law form in-
dicates the fact of heterogeneity - the heterophase nature of the OA layer. The D(d)
dependence was approximated by a broken line (as shown in Fig. 1). The slope of the
straight lines correspond to the linear absorption coefficients was chosen from the
condition of the total dispersion minimum.

It should be noted that the measurement of dichroism (in the “ray-of-light” geo-
metry) is possible only in the case of transparency of the cell windows (quartz in de-
scribed experiments). Transparent windows with metallized surfaces were produced
by vacuum thermal deposition of a thin (# ~ 0.18 pm) semitransparent metallic layer
(nichrome N20C80) on a quartz substrate surface. For the strengthing (higher degree
of nichrome adhesion to the quartz substrate) of this metal layer, the quartz plates
were heated to a temperature of ~ 250° C in the vacuum chamber during deposition.

Metal substrate usually provides the ELC layer with a greater value of equili-
brium thickness (d; ~ 1,0 um) [16] as compared with a dielectric substrate (ds~ 0,3
um). Therefore another technique was used to form for the formation of a wedge-
like gap between metallized substrates — a thin aluminum spacer (H ~ 10 pm) was
disposed in one of its edges perpendicular to the scanning direction. The further com-
pression of the cell windows formed a linear wedge-like gap with a slope of about
a~1.2 pm/mm.

A noticeable contrast of the interference pattern obtained during gap scanning
resulted from the higher value of light reflectance coefficient in case when metallized
substrates were used instead of quartz ones. This result was observed even when gap
was filled with fluid. Therefore, essential oscillations appeared on the curve of optical
density thickness dependence in the region of the wedge top. They were smoothed by
using the moving average method.

Results of research and analyses. The dependence D(d), which is shown in
fig.1, makes it possible to establish the thickness dependencies of the average and lo-
cal (at the distance d from the substrate) values of the linear light absorption coeffi-
cient of the studied interlayer. These values are determined by equations <u> = D/d
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and p~dD/dl. These dependencies for the OA interlayer bounded by quartz substrates
are depicted in Fig. 2.

Analysis of the curve behavior from fig.2a shows that the average value <> in-
creases with the interlayer thickness from the lower values up to the bulk one, at that
the values of the average and local absorption coefficients practically coincide in the
region of small thicknesses. When the interlayer thickness exceeds the critical value
2d,, average absorption coefficient <p> monotonously increases with asymptotically
approaching the value for isotropic liquid in bulk. We used the value AT=T'- Ty, as
this temperature difference characterizes the ELC phase properties. It is precisely this
difference that determines the existence of ELC phase and its main properties (in par-
ticular equilibrium thickness dy,) according to the developed theoretical model [12].

It is logical to assume that the alteration of the absorption coefficient is due to
the change of the interlayer structure. So this interlayer may be represented in a form
of the three-component system —two wall-adjacent layers and the isotropic bulk liquid
between them. The wall-adjacent layer is characterized by the almost constant value
of the absorption coefficient 4 and, accordingly, almost constant degree of ordering S
(both for the dissolved “guest”-molecules and the molecules of the matrix). A central-
ly disposed layer of isotropic liquid is characterized by zero degree of ordering and a
constant value of absorption coefficient i, > p,. The lower value of the absorption
coefficient in the wall-adjacent layer serves as a evidence of homeotropic orientation
of molecules there.

Differentiation of the D(d) dependence reveals the jump-like behavior of the
ui{d) dependence — the value of , increases from L to pis. Naturally, the jump cor-
responds to the salient point of the D(d) curve. The ratio of the p, and p;, allows us
to calculate the value of the order parameter of the wall-adjacent ELC layer — S =1 -
“s/ Hiso-

It has been established that OA interlayers bounded by quartz substrates are cha-
racterized by the following values of structural parameters — §=(0,40+0,03) and
dps=(0,56+0,04) um at AT=5,7 K. Let us compare these values with the structural pa-
rameters of ELC layer of n-hexadecane — CH;--(CHy)4--CHj3 [17]. This compound
was chosen for a comparison because of its molecular parameters are very close to
OA ones — molecule is a nonpolar “straight rod” with molecular size /, ~ 23,2 A and
contains 16 carbon atoms. It should be noted here that structural parameters of -
hexadecane ELC layer (S~0.23, dy;~ 0,23 pm) [17] are nearly half the value of OA
layer at the same quartz substrates and temperature difference AT.

The measurements of OA ELC layer parameters formed between metallized
substrates were essentially more interesting and important for applications. Fig.3
presents the thickness dependencies of average and local absorption coefficient de-
termined for this type of interlayers at temperature 20,6°C (AT=4,3 K). The values
main structural parameters of such ELC state were — $=(0,49+0,03) and
dps=(2,46+0,05) pm. Separately it should be noted that the ELC equilibrium thickness
dy, 1s nearly 8 times higher compared with the same value measured near the quartz
surface.
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Fig. 3. Thickness dependencies of linear absorption coefficient of OA interlayer bounded
by metallized quartz substrats (a—average value, b — local value)

Let us compare these results with the following data obtained for heterophase
n-hexadecane substrate bounded interlayers. The temperature dependence of ELC
layer equilibrium thickness dy, was measured by different experimental techniques —
rotation viscosimetry [21] birefringence measurement in gap light-guide [16] and
admixtured dichroism [20]. The last method allowed us to establish not only the equi-
librium thickness, but the order degree value as well. At the same temperature AT
these values were dy; = (1.4 £ 0.2) um and S ~ (0.28+0.04). It is significant that the
values of these parameters are 1.5-3 times less than in the case of oleic acid ELC lay-
ers.

Discussion and conclusion. The measurements of micron OA interlayers (in
gaps between quartz plates and metallized quartz plates) indicate the fact that in such
interlayers ELC layers really exist as it was expected. On conductive substrates, the
order parameter S of these layers is higher compared with dielectric surfaces and their
equilibrium thickness dj, is almost half the order of magnitude higher. The equili-
brium thicknesses dj, of the OA and n-hexadecane ELC phases formed at the same
substrates also essentially differ.

Highly likely, such differences are due to the special structure of OA molecules
— their shape, size, polarity, and the presence of active end groups which provide the
effect of surface adsorption., The equilibrium thickness of the OA ELC layer near the
metal surface is also significantly larger than near quartz one. It maybe related to the
higher value of the adsorption energy of OA molecules to the metal substrate. This
energy value plays a significant role in the formation mechanism of the ELC phase
[12], and it is related to the effect of wettability of the substrate by the liquid. The dif-
ference in the lyophily of OA to quartz and to metal is confirmed by our measure-
ments of the equilibrium contact angle ¢ of “sitting” OA droplets. This liquid wets
quartz substrate noticeably worse than metal one: contact angle is 3~ 17 © in case of
quartz and 3= 13 ° for a metal substrate, for which a steel 1X12H2BM® (Johansson
gage plates) was used. It means that the steel surface is more lyophilic to OA, which
correlates with the literature data [22].

The above-mentioned characteristics of OA molecules and their ability of the
ELC phase formation are obviously determine the effect of doping of alkanes and
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motor oils with OA additives. It should be noted that the precise understanding of the
nature of this action should clarify the nature of OA ELC state. It will also clarify the
difference between OA and well studied [16] — nitrobenzene which consists of polar
molecules with smaller molecular size value [, ~ 8,5 A. For the further development
of theoretical model [12] of the ELC state, it is certainly necessary to establish the ef-
fect of temperature influence on the OA ELC phase properties. Also the future study
of OA ELC rheological characteristics is especially important for applications as
well.
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HccnenoBanust CTPOSHHS TOHKUX IHPOCIOCK OJIEMHOBOM KHCIOTHI MEXJy KBApLEBBIMH H
METaJNIM3UPOBAHHBIMHU TTOAT0KKAMH METOJIOM U3MEPEHUS TUXPOU3Ma MOJIEKYIT «TOCTEH» IMo-
3BOJIWUIM YCTAHOBUTH CYIIECTBOBAHHE SIMHUTPOITHO-KUIKOKPUCTAIUINIECKHUX CIIOEB 3TOM KU~
KOCTH M OTJIMYUTENIBHBIE OCOOCHHOCTH MX CTPYKTYPHBIX IAPaMETPOB, ONPEEISIONINX KO-
YeBbIC XapaKTEPUCTHKN CMa3bIBAIOIIIX MAaTEPHAJIOB.

Honoecvkuii O.10., Anmoiz b. A., Bymenko O. @.
Crpykrypni xapaktepucruku EPK mapy oneinoBoi kuciorn

AHOTALIA
Hocniooicenns 6y006u moHKUX npoulapkie oy1eino6oi Kuciomu Midc Keapyoeumu ma me-
Mani308aHUMU NIOKIAOKAMU MEMOOOM BUMIPIOBAHHS OUXPOI3MY OOMIWKOBO20 NONUHAHHSL
003601UNU GUSHAYUMU ICHYBAHHSL eNiMPONHO-PIOKOKPUCMATIYHUX WapIe yiei piouHu ma 6io-
MIHHI 0COOIUGOCMI IX CIMPYKMYDHUX NAPAMEMPIE, SKI 6U3HAYAIONb KIIOY08I XapaKmepucmu-
KU 3Mawyodux mamepianie.
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3a:kuranue M ropeHHe YacTHI[ IPEBECHOT0 YIIA B A30THO-KHCJIOPOIHBIX
cMecsiX KOMHaTHOI Temneparypbl. Yactb II. AHaguTHYecKoe
000CHOBaHUe.

IIposooumcs meopemuueckoe 060cHO8aHUe NOBEOEHUsI NOPUCTOL YACUYbL OPEeBECHO20
Yyelnis, Komopas 2opum 8 HenoOBUNCHOM 8030yXe KoMHamHou memnepamypul. [lokazarno, umo
HauYue 301bHO20 CILOsL HA NOGEPXHOCHIU YACIUYbI, 03HUKAIOWE20 6 NPoYecce 20PeHUsl, NPU-
600U K KAYECTNEEHHbIM OCOOEHHOCHIAM U3MEHEHUS MeMNepamypbl U OUaMempa Yacmuyb.

BBenenue. B pabote [1] 3KCIEpUMEHTAIBHO H3YYalloCh 3aKUTAHUE W JIajlb-
Hellllee TOpeHre KPYITHBIX YaCTHUL] IPEBECHOTO YIUIA B BO3lyXe KOMHATHOM TeMIiepa-
Typbl. [Ioka3zaHO BIMSHKE 30JBHOIO CIIOS,, HAYaJbHOIO AWAMETPa YACTHULBI U CKOPO-
cTH 00/1yBa XOJOJHBIM BO3YyXOM Ha JUHAMHKY M3MEHEHUs TeMIIepaTyphl, AuaMeTpa
Y TUIOTHOCTH YaCTHUIIbI IPU €€ TOPEHHH.

Hannyue 30715HOTO MOBEPXHOCTHOTO CJOSI OMpeneNnseT AUHAMUKY H3MEHEHHS
TeMIepaTyphbl, JuaMeTpa U INIOTHOCTH MOPUCTOM 30JbHOM yacTuipl. Hanuuue 30516-
HOTO TIOBEPXHOCTHOTO CJIOSl YMEHBINACT TeIUIOOOMEH H3IyYeHHEM JacTHIIBI IpeBec-
HOTO YIJISl C OKpY’KaloUIMMHU TenaMu. I1ockonbKy TemmepaTypa 4acTHLbl ONpeness-
eTcs CKOpOCThIo Auddy3un KHUCIOpoIa depe3 MOBEPXHOCTHBIA CIIOH, TO CIyBaHHUE
9TOTO CJI0Sl B pe3yibTaTe 00TeKaHHs MOTOKOM ra3a CIIOCOOCTBYET MOBBIIICHHIO TEM-
nepaTypbl YaCTHIBI B MPOIECCE BHITOPaHUS 4aCTUIIBI. [I[pUYHHON CITy>KUT MOBBIILIE-
HHE CKOPOCTH TEIUIOBBIJICJICHUs BCIIEACTBHE BO3PACTaHUS MAcCOIEpPEHOca KUCIOPOo-
Jla K eMHHIIE PEaKMOHHON MOBEPXHOCTU B CYMMapHOM TEIUIOBOM OanlaHce Oonee
CHJIFHOE, YeM BO3pacTaHUE TEIUIOOOMEHA ¢ Ta30M 3a CUeT CYIIeCTBCHHOU JOJH Tell-
JIOBOT'O U3JIy4€HHUSI B CYMMapHBIX TEIJIONOTEPSIX.

Pemrenne xBa3zucTarioHapHOH TUTOCKOH 3amaunl AUM(GY3HUH B MPEIIIONI0KSHUN
ropenus B 1uQy3uoHHOI 00IaCTH U MaJIOCTH BHEIIHETO CONMPOTUBIICHHS B CpPABHE-
HUU C CONPOTHUBJICHHEM 30JIbHON 000JIOYKH IpeacTaBieHo B [2]. OgHako, MOTydeH-
HBIH apabOIUYCCKHIi 3aKOH HAPACTAHUSI 30JbHOTO CIIOSI MPUMEHHUM IMIPH 3HAYUTEIIb-
HBIX €r0 TOJIIIMHAX.

B pabote [3] TeopeTHuecKH paccMaTpHUBaeTCs BOCIUIAMEHEHHE W TOPEHHE OfH-
HOYHOM 4acTHUIbl BBICOKO30JBHOIO YIJISI C YYETOM BO3MOKHOT'O CMEHBI arperaTHOro
COCTOSIHMSI 30JIbl U HAa4aJIbHBIX Pa3MEpOB 30JbHBIX BKItOueHUi. [IpuHuManock, 4ro
[0 MEpe BBHITOPAHUS YACTHULIbI, HA BHELIHEH MOBEPXHOCTH HaKaIlJIMBaJlach 30J1a B BU-
Iie chepuIecKuX JacTHIl, 3aHUMAFOIINX YacTh BHEITHEH MOBEPXHOCTH YaCTHIIBL.
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r

Puc. 1. Yacruua co ciioem 3061 (a 1 b) U pacnpeiefieHie KOHIIEHTPAIIMH KUCIOPOo/a Mo pa-
JAATBHOM KoopauHaTe (C)

Ha BHemHell MOBEpXHOCTH TOPAIIMX YaCTHUIl APEBECHOTO YIS, MaccoBasi JIOJA
30JI6I KOTOPOTO COCTABISIET OKOJIO 2%, 00pa3yeTcs paBHOMEPHBIH CIIOH, KOTOPHIH HE
maBuTcs [1].

Hennlo nanHoi padoThI ABIAETCA aHATUTHYECKOE 0OOCHOBAHHE KAaYECTBEHHBIX
OTJIMYNI BPEMEHHBIX 3aBHCHMOCTEH TEMIIEpaTyphl YacTHIBI JPEBECHOTO YISl HPHU
HaJIMIUU U OTCYTCTBUH 30JIbHOTO CIIOSL.

IMocranoBka 3agaun. Temneparypbl TOPEHHS YaCTUI] APEBECHOTO YT B BO3AYXE
KOMHATHOH TeMIepaTypsl cpaBHHTENBHO HeBbicokue (1o 1200 K). [Tostomy xumude-
CKOe NpeoOpa3oBaHUE YIJIEPOIHOI YacTUIBl B ra3000pa3Hble MPOIYKTHI, B OCHOB-
HOM, OIIpeNeIISIeTCs ABYMS 9K30TEPMUUECKUMH PEaKkIUsIMHU, WIYIIMMH TapajieIbHO

C+0,=C0, (1), 2C+0,=2C0 (1I).
Cxopoctu stux xummrdeckux peakmmit (1) u (II) mo xucaopoy mpomoprroHats-
HBI MacCOBOH KOHIIGHTPAILINH KHCIOPO/a HAa IOBEPXHOCTH YaCTHIIBI M YBEINYNBAIOT-
Cs1 CPOCTOM TEMIIEpATypHI 10 3aKOHY AppeHuyca

(Woz )],S - klpg‘YON > (WOz )11,s - kngSYON

E T, E
k =k, exp| ——= |, p.. =P.o—, k, =k, exp| ——=
1 01 > S 0 > T2 02 H]
RT| ® T RT
3
7€ p,, — IIOTHOCTD ra3a Ha MOBEPXHOCTH YACTULBL, KI/M"; &, ,k, — KOHCTaHTBI CKO-
pocreii xumuueckux peakiuu (1) — (II), m/c; k,, — IpeadKCIOHEHTHI; E, — 3HEPruU
aKTHUBALMN XUMHYECKHX peaknuu, J[x/mons; T — TemmepaTtypa dacTuusl, K; YOZ’S —

MaccoBasi ToJIsl KUCIIOPOAa Ha MOBEPXHOCTH YAaCTHIBL, R — YHHBEpCaIbHAs ra3oBas
nocrosiHast, J[x/(moib K).
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YMeHbIIeHHe rHaMeTpa YacTUIlbl 00yCIOBIeHO XumuieckuMu peakuusmu (1),

(IT) Ha ee BHeIIHEH TOBepXHOCTH [4]:

S = e (k4 2K )p T d(=0)=d, ()

0,

XuMuueckoe mpeodpa3oBaHue yriaepojaa Ha MOBEPXHOCTH MOP B ra3000pa3Hbie

KOMITOHEHTBI OIPE/IENISIeT YMEHbBIICHHE IUIOTHOCTH YaCTUIBI CO BPEMEHEM COTJIACHO
3aKoHY [4]

@ M. k +2k,

1
6 ot M k +k, o ke Peto,» PE=0)=p,. )

k =

D, (Se,cthSe, -1),  Se,

rzae k, — >pdexTrBHas KOHCTaHTa BHYTPEHHETO PearupoBaHUs KHUCIIOPOJA C yTiIepo-
JoM; M/c, Se, — BHyTpeHHHI kpuTepuii CeMeHOBa, ONpeAeSIOINil OTHOIIIEHHE CKO-
POCTH pearupoBaHus KUCIOPOJa BHYTPH MOP K €ro MacconepeHocy; D, — ko3purm-
eHT BHyTpeHHei nuddysum, m7/c, F, — ynenbHas HOBEpXHOCTH 11OP, M

Kosddument BHyTpeHHel nuddysun u yneabHas MOBEPXHOCTH MOP BhIpaxa-
ercs yepe3 nopuctocts yactuipl [5, C. 84]:

n

.2 r P
D= op, ., b,=p,(T] yet
0 real

Fo_x(l=%) _(1-p/ppu ) P

Fo 1(-1) \1=py/Prs ) P
rae D,, — xoapuument nupdysun xucnopona B Bo3Ayxe NpH Temmeparype 7Ty,

2
M /C; X — HOPUCTOCTb YaCTHUIIbI, FLO " ¥ o — Ha4daJibHasA yACJIbHAsI HOBECPXHOCTD IIOP U
IOpHUCTOCTD, P,,,, — IIOTHOCTDH CIVIOIIHOTO BCIICCTBA YaCTHUIIBI. BTOpaj{ CTCIICHb I10-

PHCTOCTH B 3aBUCHMOCTH Koddduirenta BHyTpeHHeH nud(y3uu yUUTHIBAET U3BH-
JIUCTOCTH TIOP.

Bimnsinue 30J1bHOTO CJIOSA HA CKOPOCTH PearHpoBaHUs YacTHIBI Kokca. CKo-
POCTb TEIUIOBBIIEICHUS ¢, Ha €IUHUIE PEAKIIHOHHOH MOBEPXHOCTH YaCTHIBI B pe-
3yJlbTaTe MOBEPXHOCTHOTO M BHYTPEHHETO PearupoBaHUs ONPEAEISIETCS TeTIOBBIMU
3¢ deKTaMu U CKOPOCTSIMH XUMHUYCCKHX PEaKIMii Ha TIOBEPXHOCTH M B 00BEMe Yac-
TULE [4]:

ch :(Qlkl +Q2k2)(1_A) 1+levk2 png(st

rne Q;, O, — temosle a3 dexts xumudeckux peakumit (1) u (II), paccunrannbie Ha
€IMHMILY Macchl Kuciaopoaa, Jxk/krO,, 4 — 30J1bHOCTH YIIIs.

Jist onpeneneHuss KOHLEHTPAIMK KHUCJIOPOAa Ha MOBEPXHOCTH YACTHUIBI KOKCa
HEOOXOJMMO PEIINTh 3a7ady MacCONepeHoca KIUCIOPoaa B Ta30BOM CMECU U BHYTPH
30JILHOTO CJIOSL.

47



Disuka aepoucrepcHux cucreM. — 2018. — No 55. — C. 45-53

Ha BHemHe# MOBCPXHOCTHU YaCTHIbI (HCT CTOKa KI/ICJ'IO]Z)OZ[EI) BBITIOJIHACTCS paBCH-
CTBO

dYOZ
Bpg(YOZO _Y()Zh):szgs ar > 3)

rae YOZO’ YOZh — MacCCOBBIC [JOJIM KHCJIOpOAa B rasoBoit Cpeac W Ha IMOBCPXHOCTHU

r=r;+h-0

30JILHOTO CJI0sT; B — KO3 QHIMEHT MacconepeHoca KUCIOpo/ia B ra30BOW CMECH, M/C;
D. — xo3bduupent muddy3un KHCI0poaa BHYTPH 30I5HOTO CIIOS, M°/C.

Ha BHyTpeHHE#l MOBEPXHOCTH 30JIbHOTO CJIOSI WJIM TOBEPXHOCTH YTIEPOIHOMN
YACTHIIBI BHIMOJIHICTCS PABEHCTBO (IIOBOISIIUIA KUCIOPO]] PACXOAYETCS B XMMHUYC-
CKHUX PEaKIMsIX Ha BHEUIHEH MOBEPXHOCTH KOKCA U BHYTPH €ro Iop)

dy,

0,
Dp,, =(k +k +k,)p Y, )
dr
r=r,+0
IMpodmite KOHIEHTPAMU KUCIOPOia BHYTPH CHEPHIECKOTO CIIOSI HOITydaeTCs U3
pemeHus 3axa4u audy3un:

1.1
T, r
YOZ :YOZ.\' +(Y02h _Yoz.v)ll—1~ %)
o r,+h

s
B pesynbrate monctanoBku (5) B (3) U (4) MOMyYUuM CUCTEMY ypaBHCHHU IS
OTIpeieNieHNsT KOHIICHTPAIMK KHCIOpoJa Ha BHYTPEHHEH IOBEPXHOCTH 30JIBHOTO
ciost ¥,

r.+h
szgs(Y()zh _YOQS )(r—h):(kl +k2 +kv)png025'

Orcrona nckomast KOHUEHTpauus Y, - paBHa

-1
-1

Y,

Oys

k +k +k . +k +k
kb rk)p () (ktkrk)p. (| h
Bp, r Dp,/h r.

s 5

=Y (6)

IIpu npuGNMKEHNH TOJIIUHBI CIOS 30JI6I K HyNO (4 —> 0) IpUXOauM K U3BECT-
HOMY BBIpa)KEHHIO 0€3 yueTa cTe(h)aHOBCKOTO TCUCHUSL:
Y()Zx = Yozo Bpg :
(ki +ky +k,)p,, +Bp,
Ecnm BHemHee nuddy3noHHOE CONPOTHBIICHHS MaJIO B CPAaBHEHHUH C COTIPOTHB-
JICHHEM 30JIbHOH 000JIOUKH, TO UMEEM
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-1
—1

k+k +k)p,.
. . +( 1 2 v)pgA 1+ﬁ
: : Dp,/h r

s

Jlnst BBISICHEHHSI CKOPOCTH HAPAaCTAHHS TOJIIUHBI 30JIbHOTO CIIOSI [IPUMEM TOT
(haxT, YTO Ha MECTe BHITOPEBIICH YaCTH KOKCOBOM YaCTHIIBI OCTACTCS TOJIBKO JIHIIb
3osa. CieoBaTeIbHO, MOXKHO HPHHATH PaBEHCTBO 00beMa 00pa30BaHHOTO CJIOS 30-
761 ¥ 00beMa BBITOPEBIICH YaCTH KOKCOBOM 4aCTHUIIBL. DTO IKBUBAIICHTHO PABEHCTRY:

%:—l%, h(t=0)=h,. @)
ot 20t

Koaddumment BHyTpeHHEH muddy3nn kucimopoma D, BHYTPH 30JBHOTO CIOS
BBIpa)KaeTcs 4epe3 MOPO3HOCTH CIIOA Y.

Dzzxf-Dg.

Tenji000MeH YacTULbI €O cJIoeM 30Jibl. Ha BHelIHEH MOBEPXHOCTH 30JIbHOTO
CJIOSl YaCTHIIBI BBITIOJHSAETCS PAaBEHCTBO

dT
T,-T)=—\,— s 8
oy g) dr r=r,+h-0 ®)
A, Nu 7Y T+T

== =y ,J;:Tg;Nu:2+o.16Re§;ﬁ,
0

27

g(d+2
Re,, =05Gr = 055" ;(2 )
&g

a Ha BHYTpEHHeH MOBEPXHOCTH 30JIbHOTO CIIOS:
dT
=0, (L-T)==r— 9,

d]” r=r,—0
rac Tg 5 Tgh — TEMIICPATyPhI Tra30BOit Cpeabl U BHEIITHEH MOBEPXHOCTH 30JIbHOI'O CJIOA;
O, Oer — KOBq)q)I/II_II/IeHT TEMI000OMEHA C Ta30BOM CMECHIO Ha BHEIIHEMH MMOBEPXHOCTHU

. o 2
30JIbHOTO c10s1 ¥ A dekTuBHEIN Ha BHyTpeHHeH, BT/(M K); A, — ko3 duipent term-
JIOTIPOBOJIHOCTH BHYTPH 30J1bHOTO cn1ost, Br/(m°K), T, — Temnepatypa rasa Ha rpanu-

Iie IPUBEACHHON TUIeHKH; 7 — TeMIlepaTypa MOBEPXHOCTH YaCTHIIBI; A,— KO3 duIm-
CHT TeIIONpOBOAHOCTH rasa, Br/(m'K); Nu — uucno Hyccenbra; v, — koo duiment

KHHEMATHUECKOH BS3KOCTH BO3IyXa, M*/C.
[Mpoduie Temmeparyp mojydaeM M3 pEIICHHs 3aJadd TEIUIONPOBOJHOCTH
BHYTPHU CJIOSL:

1 1
r 7.
T_Ts:(h 7;) 1 Sl’ (10)
r+hor
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B pesymberare moactanoBku (10) B (8) u (9) momydnm cucteMy ypaBHEHUHA IS
OTIpeIeNICHHs TUIOTHOCTH TEIUIOBOTO MOTOKA Ha BHYTPEHHEH MOBEPXHOCTH 30JILHOTO
CII0s1 g

ol =TI =r (LT

rs+h:

r(T.-T,) q,

K

Orcroza ncKkoMasi BEeIMYHHA d; paBHaA
2 -1

g, =a| 1+ 2| (1) 1+ 214 2| | . (11)

;/?V z 7;'
IlepBblil MHOXUTEND, COEPKALLUN TOJIIUHY 30JIbHOTO CJIOS, YYUTHIBACT BIIUSA-
HUs YBEJIMYEHUs BHEIIHEW MMOBEPXHOCTH Ha TEIJIOOTAAdy, a BTOPOM — yMEHbIIIEHHUE
TEIJIOOTIAYH 32 CUET TOPMOXKEHHUS TEIIJIONPOBOIHOCTHIO B CJIO€ 30JIbI.
[Ipu npuOAYDKEHUM TOJIIIMHBI CIO0S 30JIbI K HYJIO (/4 — 0) IPUXOAMM K U3BECT-

HOMY BBIpaKCHHUIO Oe3 ydeTa cTe()aHOBCKOTO TEUEHHUS:
q,= OL(T -T, )

I/I3.11yqe}me uepe3 ¢JI0H 30J1bI. [1TOTHOCTH TEIJIOBOTO MOTOKA H3JIYyUYCHUEM YacC-
THUIBI CO CTCHKAMHU ¢, OITUCBIBACTCA 3aKOHaAMHU Knpxrod)a n CTC(baHa-BOJ'IBHMaHaZ

qw:‘gG(TZ‘_T:})J
rzie € — KoO(OGULIUESHT YepHOTHI YacTHLbl; 1, — TeMIiepaTypa cTeHoK, K.

ITo mepe HapacTaHust ci10st 305161 KOI(GHUIHEHT YEPHOTHI YACTHIBI IOJDKEH CMe-
HHUTBCS OT 3HAUEHUs AJs apeBecHoro yris (g, = 0.78) mo 3HadeHUs 30bI (B3AT € =
0.35). YMmeHbIIeHHE IOTHOCTH TEIUIOBOTO U3JIyYEHHS B CIOE 30JBI MOXKHO Y4eCTb
yepe3 UTMHY CBOOOIHOTO MpoOera M3iydeHHs, KOTOPYI0 MOKHO OICHHThH Kak Jua-

METp Makpomnop B cioe 301l (1, ~d ,, B3a10 1,,, ~ 200 Mkm):

rad

e=g l—exp[—lr;ldj +szexp(—l’;ldj.

Takum o6pa3oM, 0 Mepe HapacTaHUs 30JIbHOM IUIEHKU MPOMCXOAUT IUIaBHAS CMEHa
K03 GUIIHEHTa YePHOTHI, YUUTHIBAIONIAs MOTIOIEHUE U H3IIy4eHHE CAMOTO CIIOsI 30-
JIBL.

Yu4er Tems1oorBoAa 4epe3 TepMonapy. B onbitax [1] kpymHbIe YacTULBI Ape-
BECHOTO YIJISl paclojlaralich Ha XpOMeENb-aIIOMEICBOH TepMonape C AnaMeTpaMu
31eKTpoaoB d, = 0.3 MM. /Iy yueTa TemIooTBOga yepe3 00a 3IeKTPoaa UCIOIb30Ba-
nack ¢opMmyIia, MoydeHHas B [6]:

2 T xg
Q =2-nd’q,=2-=d,\, 2= (T -T,).
2 A ¢
m
MHOXUTENb 2 YYUTBIBACT TCIUIOOTBOM YCPE3 o6a QJICKTpOJa BBUAY TOI'0, YTO
JJIA KOTICIA W aJIloMEJId COOTBETCTBYIOLIUEC K03(1)(1)I/IHI/ICHTI)I TCIJIONPOBOAHOCTH
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K

r=C ---------If.......-.-- r=c

W00 20 300 40 500 600 700 0 100 200 300 400 500 600 700
Puc. 2 BpemeHHbIe 3aBUCHMOCTH TEMIIEPaTypbl LIEHTpA YacTUIBI (a), AHAMETpa YacTULBI U
TOJNIIMHBI 301bHOTO cinod (b) ¢ orcyrcTBUEM (KpHBBIE 1) M HaJIM4MEM 30JIHOIO CJIOS Ha IIO-
BEPXHOCTH TrOPSILICH YaCTHIBI IPEBECHOTO YIJIsl ¢ HAYaJIbHBIM JIMAMETPOM 8.5 MM U IUIOTHO-
CTBIO 525 Kr/nm’. Temmepatypa Boznyxa 293 K. Hagansnas Temneparypa gactunst 7, = 700 K,
muamertp d, =8.5 MM

OJIM3KHU: cOOTBEeTCTBEHHO, pH 293 K — 17.6 B1/(M-K), a pu 1100 K — 34.3 u 44.4
Bt/(m-K).
Takum 00pa3om, U3MEHCHHUE CPEIHEH M0 BCeMy 00BEMY TEMIIEPATYpPhI MOPHUC-

TOW YIJIEPOIHOM YaCTHIIBI ONPEACISETCS TEIUIOBBIACICHUEM B PE3yJbTaTe MpOTeKa-
HPSI XUMHYCCKUX PEAKIUH ¢, TETNIOOOMEHOM JaCTHIIBI C Ta30M ¢, M CTCHKAMH pe-
AKIMOHHOH YCTAHOBKH ¢, & TAKXKE TCIJIOOOMEHOM Yepe3 AJICKTPOIbI TEPMOIIAPHI:

cped OT

CcFC
=4, Te=0=17,, (10)
6 ot 7

Qo =Gen =4, 49 — 4>

IJie ¢, — YAeNbHAs TEIIIOEMKOCTh YaCTHIbI; T, — HaYa bHAs TEMIIEPATypa YaCTHIIBI.

B pesynbprate umeem cucrteMy nuddepeHnuanbHbx ypasHenuit (1), (2), (6) u
(10) most oMcaHMs TOBEeIeHHUST KOKCOBOW YaCTHUIIBI CO CIIOEM 30ITBI.

[Ipu pacderax UCMOIL30BAINCH CIIEAYIONTUE MapaMeTphl: £ = 75 xJx/Moib; QO
= 12.34-MJIx/krOs; ko, = 6.44-10° m/c; E;> = 82.5 kJ[/MOIb; 0; = 6.86-M]/Ix/krO,;
ko =9.11-10° M/c; Fyg = 5-10° M} prews = 1600 Kr/M’; py = 530 kr/M’, 3, = 0.5, pgy =
0277 xr/m’; Ay = 0.082 Br/(m-K), Ty = 1273 K; c¢. = (17.15+4.2:10°T-
8.79-10°/T%)/0.012 Ji/(xr-K).

AHanu3 pe3yJbTaToB. B BO3IyxXe KOMHATHOI TeMIlepaTypbl TOPEHHE YaCTHI
JIPEBECHOTO YTJIA HACTYIAeT TOCie MpeBapuTeNIbHOTO uX Harpesa Boie 600-650K,
T.e. ocne u3 3axuranus [1]. [IpoyHOCTH 30JBHOTO clos AOocTaTo4Ho cinabas. Ilo-
9TOMY HaOJIIOJIEHHE TOPEHUS] YacTHLbI 0e3 30JbHOT0 OCTaTKa OCYIIECTBIISIOCH TIe-
PHOANYECKUM PE3KUM CAYBAHHEM CIIOSI C BHEIIHEH MOBEPXHOCTH YacTHIBI (pHcC.2,
kpuBbie 1). TemnepaTypa 4acTHIIbI B IPOIIECCE TOPEHUS MEJIEHHO MOBBILIAETCS, YTO
CBSI3aHO C YMEHBIIEHUEM OTHOCUTEIBHON POJIU TEIUIOOTAaun u3nyyeHuem. [lo mepe
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BEITOPAHHUS POJIb TEIUIOTIOTEPh Yepe3 KOHIBI TepPMOIAphl BO3pacTaeT, YTO U IIPHBO-
JIIT K IJTABHOMY TOHDKEHHIO TEMITEpaTyphl YaCTHIBI TIepe]] e CaMOIPOH3BOIEHBIM
MOTacaHUEM.

ITo mMepe HapacTaHHUs 30JIBHOTO CIIOSI POCT TEMITEPATYpPhl YaCTHIHI (pHC. 2, KpH-
Bas 2) JOBOJBHO OBICTPO CMEHSETCS Ha MeIUIeHHOe MoHmkeHne. AHamu3 (10) moka-
3all, 4TO B JIAHHOM CJIydac TEIUIOBBIM COIMPOTUBJICHUE 30JHHOTO CIIOS MOXHO Ipe-
HeOpeub. OgHAKO CII0i1 307161 3aMETHO CHIKAET CYMMapHYI0 CKOPOCTh MAaCCOIEPEHO-
ca KUCIIOpPOJa K BHEUTHEH MOBEPXHOCTH YIIIEPOJHOTO OCTaTKa, YTO 3aMETHO ITOHU-
JKaeT BOJIM3HM Hee KOHIICHTPAIMIO KUCIIOPOa, a, CIIEAOBATENHEHO, i CKOPOCTh XHMH-
YECKOTO TCTLIOBBIICIICHUS.

BoiBoabl. TakuMm 00pa3oM, B pe3ysibTaTe paCCMOTPEHHUS 3a]1a4d MacCOOOMEHa 1
TeruiooOMeHa JJIsl YaCTHLIBI C HAPACTAIOMIUM 30JbHBIM CJIOEM OBLIO OOBSICHEHBI 0CO-
OEHHOCTH M3MEHEHHUsI BO BPEMEHH TEMIIEPATyphl M JAUaMETpa YacTULBI APEBECHOTO
YTJIs, KOTOpast 3KUTAETCsl U TOPHUT B HEMOJBMIKHOM BO3JyXe KOMHATHOH TeMIiepa-
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Yepnenko 0. C., Kopuazina M. M., Kaninuak B. B.

3ananioBaHHs i FOPiHHSA YaCTUHOK JePEBHOIO BYTilisl B 230THO-KHMCHEBUX
cymimax kiMmHaTHOI Temnepatypu. Yactuna II. AnajgiTuyHe o0rpyHTyBaHHS.

TIposooumscsi meopemuune 062PYHMYBAHHA NOBEOIHKU NOPYSAMOL YACMUHKU 0ePEBHO20
8yeiNIA, AKA 20pUMb 8 HepyXoMOMy nosimpi Kimuamuoi memnepamypu. Iloxasamo, wo
HAABHICMb 30bHO20 WAPY HA NOBEPXHI UACUHKU, WO GUHUKAE 8 Npoyeci 20pIHHA, Npu-
600UMb 00 AKICHUX 0COONUBOCHEL 3MIHU MeMnepamypu i diamempy 4acmuHKU.

Chernenko A.S., Korchagina M.N., Kalinchak V.V.

Ignition and combustion of charcoal particles in nitrogen-oxygen mixtures at
room temperature. Part II Analytic justification.

A theoretical substantiation of a porous charcoal particle behavior, which burns in still air
at room temperature, is carried out. It is shown that the presence of the ash layer on the
particle's surface arising in the combustion process leads to qualitative features of the change
in temperature and particle diameter.
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The oxide structures formation on the surface of tungsten

The temperature regimes and the kinetics of the formation of tungsten oxide crystals on the
surface of a tungsten conductor heated by an electric current in air were studied, as well as
the fractal dimension of branched oxide formations. It was shown that at the temperature
higher than 1100 K, separate formations were observed on the surface of the conductor.
These were nuclei of tungsten oxide crystals, which over time grew into branchy formations.
The fractal dimension of the structures obtained at different stages of growth was calculated
using the principle of object coverage. It was determined that at the initial stage, the growth
of crystals proceeds according to the mechanism of the Brownian motion “cluster-cluster”,
then along the Brownian motion “particle-cluster”.

The use of tungsten oxides in the chemical industry as catalysts (dehydration of
alcohols, cracking of hydrocarbons) determines the relevance of studies of tempera-
ture regimes and patterns of their formation. Branched nano- and microcrystalline
oxides, in addition to catalytic properties, have unique qualities and high reactivity.

The aim of this work is to study the temperature regimes and kinetics of the
formation of tungsten oxide crystals on the surface of a tungsten conductor heated by
an electric current in the air, and to study the fractal dimension of branched oxide
formations.

To study high-temperature oxidation, an experimental stand was used [1], the
scheme of which is shown in Fig. 1. The study was carried out by the "hot filament"
method on tungsten conductors of the IA brand which have a diameter d = 200 pm
and a length L = 10.2 cm. Conductors were heated by an electric current in the air.

The stationary temperature regime was set by changing the amperage, which
was gradually increased at an interval of 2 minutes. The temperature of the tungsten
filament during the oxidation was determined by the electrothermographic method,
and at the stage of the conductor glowing (at high heating currents), the temperature
was simultaneously measured with a brightness pyrometer (EOP type) at a fixed
point of the sample. The optical prefix made it possible to determine the appearance
of oxide crystalline formations on the surface. After it, with a fixed current strength,
the growth of individual oxide crystals on the surface of the conductor was observed.

The temperature of an electrically heated metal conductor is determined by the
dependence of the specific resistivity on temperature.

p=py[l+7(T=T))]. (1)
Here p, — specific resistance at temperature 7, = 273 K, Q'm; y -temperature

coefficient of resistance, K.
For the conductor temperature at any time, we have:
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Fig. 2. Tungsten conductor temperature de-  Fig. 3. Temperature regime of growth of
pendence of the current strength tungsten oxide crystals

T:(ﬁ—lj(l—z)}in. )
R, Y R,

Where 7, — ambient temperature, K, R, — resistance at temperature 7, , Q.

The accuracy in determining the temperature by the electrothermographic me-
thod is: for a low-temperature range of values of 2%, and for a high-temperature
range it does not exceed 5%.

In the high-temperature range, when the conductor glowed, the non-contact me-
thod of brightness pyrometer was used to measure the temperature.

The brightness temperature 7, of a non-black body with a monochromatic coef-
ficient of radiation &,; having a true temperature 7" is numerically equal to the tem-
perature of the black body at which the monochromatic brightness Egrb of the black
body is equal to the monochromatic brightness E,, of this non-black body

o _ o
En=Ey; 3)
G G

AT, AT

e =g, e,

from which, after logarithm and transformations, we finally obtain the relationship

between Ty and T
-1
T:(Ti—ilns”] . “)

b 2

It follows from equation (4) that the brightness temperature 7, is always lower
than the real temperature. For small values g1 and high temperatures, the difference
T-Ty can reach several hundred degrees.

Fig. 2 shows the experimental dependence of the conductor temperature on the
heating current in stationary states.

The analysis of the T (I) dependence shows that, the stationary states of the con-
ductor untill reaching the temperature of 700K were determined by the equality of the
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Joule heat release and the convective heat flow to the surrounding gas and to the ter-
minals in which the conductor was fixed. At temperatures above this point, oxidation
begins from releasing heat and forming an oxide layer on the conductor surface. At
temperatures exeeding 1000 K, a glow of the wire appears, radiation heat loss in-
creases. The release of heat due to the chemical oxidation reaction leads to increase
of the temperature and the thickness of the oxide layer of the sample surface. The
vertical section of the curve corresponds to the temperature regimes of the crystals
appearance and growth [2].

Fig. 3 it shows the time-extended temperature regime of crystal growth on the
surface of the primary oxide film. During this period, the temperature of the conduc-
tor increased by almost 300K in 15 minutes. This is a consequence of the chemical
reactions flow on the conductor surface that lead to thickening of the basic oxide
layer.

Having studied under the microscope the conductor at various stages of
oxidation, it was established, that with a gradual increase in temperature, at first a
continuous oxide layer is formed on the surface of the tungsten, then, due to various
mechanical stresses in the metal and oxide film, it cracks, causing longitudinal
grooves and ditches. At temperatures above 1000 K, individual filamentary crystals
begin to appear on the oxide layer surface, which subsequently transform into
branched oxide structures.

The axial growth rate of whiskers is described by the equation [3]:

Ly A £, 5)
dt a o\,
1=2(4-4).
p

Where A, — average length of the diffusion path of an atom before re-
evaporation, m — is the mass of an atom, p — density of a substance, 4, 4o — the num-
ber of collisions of particles with a surface in a gas and a saturated vapor, respective-
ly.

This formula consists of two terms: the first part describes the axial growth rate,
due to the direct condensation of steam on top, the second - the other part, due to the
deposition of particles on the side faces, followed by diffusion to the top. The second
term depends on the diameter of the whisker crystal, as well as on time (through L).
With increasing the oxidation time, oxide structures amount on the surface and the
geometric dimensions raise.

Fig. 4 shows various samples of tungsten oxide crystals. They are formed on the
shores of cracks in the oxide film, each of them have a thin base foot, and can reach
200 um. Depending on the temperature and the holding time in a non-aggressive non-
stationary mode, two forms of crystals can be distinguished. The first one is in the
form of two-petals - which obtained by heating the conductor to 1470 K in 10
minutes. Strongly branched structures - bushes - are formed in 15-20 minutes at the
temperature 2100K.
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-

Fig. 4 Tungsten oxide crystals on the conductor surface

In order to determine the mechanisms of crystal growth at different stages, their
fractal dimension (D) was calculated. There are a lot of approaches to the estimation
of fractal dimension [4], the most commonly used method is cell cover. At the
moment there are several works devoted to correlating the fractal dimension and
cluster formation mechanism. Fractal clusters, or fractal aggregates, it is customary to
call structures that are formed when solid aerosols are combined in a gas in the case
of diffusional character of their motion. The fractal cluster has a characteristic
branched structure. As a result of using the works of Smirnov [5], it was determined
that the fractal dimension D = 1.4 corresponds to the Brownian motion and the
formation of the structure by the cluster-cluster principle, and D = 1.6 is the
Brownian motion of the particle-cluster.

Conclusions: The temperature regime and the kinetics of the appearance and
growth of tungsten oxide crystals on the main oxide film surface are determined. It is
shown that the formation of crystals does not occur at temperatures below 1000K. It
is established, that in the process of quasistationary oxidation plate or bush-like oxide
structures are formed, which is due to the temperature regime of tungsten oxidation.
It is obtained that at the beginning stage the growth of crystals occurs according to
the principle of Brownian cluster-cluster motion, and the growth into branched
structures - according to the mechanism of Brownian particle-cluster motion.
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Opnoeckasa C.I., Jlucanckas M.B.
OO0pa3oBaHye OKCHAHBIX CTPYKTYP Ha IIOBEPXHOCTH BOJIb(ppama.

B pabome usyuaiomes memnepamypuvie pexcumvl u KUHeMuKa oopazo8anis KpUcmaiios
oKcuoa 01bhpama Ha NOEEPXHOCHU BOIbGHPAMOB020 NPOBOOHUKA, HAZPEAEMO20 INEKMPU-
YecKUM MOKOM 6 030yXe, a MaKlice NPoBOOSAMCsL UCCI008ANUS PPAKMANLHOU PAZMEPHOCIU
PazeemsiieHHbIX OKCUOHbIX 06pazosanuil. Tlokazano, ymo npu memnepamype bonvwe 1100K
Ha NOGEPXHOCMU NPOBOOHUKA HAONIOOANOCH NOsBNEHUEe OMOETbHbIX 00PA308AHUI — 3aPOObL-
wietl Kpucmannos okcuoa 801bhpama, Komopbvle ¢ meyeHuem spemeHu paspacmanics 8 eem-
sucmole obpasosanus. Ilposeden pacuem GpaxmanbHol pasmMepHOCmU NOAYYEHHbIX CHIPYK-
Myp HA PA3TUYHBIX DMANAX POCMA NO NPUHYUNY NOKpbimusa obvekma. Onpedenero, umo Ha
HAYATbHOM dmane pocni KPUCMAnios uoem no Mexamusmy OPOYHOSCKO20 O8UNCEHUs «KId-
cmep-Kknacmepy, 3amem no MexXAHU3MY «HaACMUYA-KIACED».

Opnoscvka C.I., JTucancexa M.B.
YTBOpeHHSI OKCHTHUX CTPYKTYP Ha MOBEPXHi BoJb(pamy.

B pobomi eusuaromvcsi memnepamypHi pexcumu i KIHemuKka ymeopeHHst KpUCmaiieé okcuoy
601bQhpamy Ha NOBEPXHI 601bPPAMOB020 OPOMUKA, WO HASPIBAEMbCA eNeKMPUYHUM CMpPY-
MOM 6 NOGIMPI, A MAKONC OOCTIONCEHHS (PPAKMATLHOI POSMIPHOCHIT PO32ANYHCEHUX OKCUOHUX
ymeopeHns. [lokasano, wo npu memnepamypi 6invuie 1100K Ha noeepxwi npogionuka cno-
cmepieanacs nosa6a OKpemMux ymeopeHs - 3apooKie KpUucmanie okcuoy 8ono@pamy, AKi 3 niu-
HOM uacy pospocmanuca 6 einnacmi cmpykmypu. Ilpogedeno pospaxynox ¢pakmanvhoi pos-
MIPHOCMI OMPUMAHUX CIMPYKMYP HA PISHUX eMAanax pocmy 3a NPUHYUNOM NOKPUMMms 00 'ek-
ma. Buznaueno, wo na noyamkosomy emani 3p0CmanHa KpUCmania tioe 3a mMexamizmom 6po-
VHIBCLKO20 PYXY «Kaacmep-Kaacmepy, NOMim 3a MEXaHisMoOM «4ACMUHKA-KIACmepy.
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Fopelme AUCICPrupoOBAHHOIO KHUAKOI'0 U TBEPAOI0 TOIVINBA B IPUCYTCTBUU
YIEKTPUHIECCKUX pa3psaa0oB

B pabome npusedenvi npedeapumenvhvie pe3yibmamyvl IKCHEPUMEHMATHBIX UCCIe008a-
HULl 08YX(hazHo2o niameHu OUCHEPSUPOBAHHO20 8 6030yXe HCUOKO20 U MEepO020 OpeaHuye-
CKO20 20pI0Ue20, a MaKdice NbLIGO2O NIAMEHU YACMUY MEeMALI08 8 NPUCYMCMBUU BbICOKO-
BOILIHBIX, 8bICOKOUACONHBIX DNEKMPUHECKUX paszpsoos. Hccnedosano enusnue cmpumep-
HbIX paspsaooe 6 2aze HA UHMEHCUDUKAYUIO 20PEeHUs U YCIO8Us CMAOUIU3AYUU 2A300UCNePC-
Hoix cucmem. O6cyxcOaromes 0CHO8HbIE PUIUKO-XUMUUECKUE MEXAHUSMbI 6NIUAHUSL UOHU3A-
Yuu 08YXa3HOI Cpedbl HA KUHEMUKY 2OMOSEHHBIX U 2eMEPO2EHHBIX PEaKYUll, NPOYEeCchbl Mac-
CO-MenyionepeHoca 6 YCo8usx HePaeHOBECHOU NbLIESOI NAA3Mbl NPU CHCUSAHUU OOUHOYHBIX
yacmuy u ux 2a3083gecell.

Beenenne. AKTyanbHBIM HalpaBlIeHUEM UCCIIEOBAHUM B TETIIODPHEPTETUKE SIB-
JS€TCS U3y4EHUE DHEPTETUUECKUX U TEXHOJOTHYECKHX ACTIEKTOB TOPEHHsS JUCIEPTH-
POBaHHBIX B OKHUCISIOIIEM WM MHEPTHOM Ta3e 4acTHLl TBEPAOTO HIH >KUIKOTO ro-
prodero. DTOT cnoco0 CKUTaHUSI TOIUTUBA MPUBIIEKAET OOJIBIION CKOPOCTHIO TOPEHUS
ra3oB3Beceil 4acTull, 0OyCIOBICHHON BBICOKOW HHTEHCHBHOCTBIO IIPOLIECCOB TEILIO-
MaccoOMeHa 3a cueT OOJbLION yNeabHON MOBEPXHOCTH Ta3oB3BecH. OHAKO, B CIIy-
yae HU3KOKATOPUHHBIX FOPIOYUX — BBICOKO30JIBHBIE YITIM, CIAHI[BI, U3MENIbUECHHbIE
OpraHHuecKre OTXOAbI (JpeBeCHHa, I'yaHO) TOpEHHe UX ra30B3Beceil 3aTpyAHEHo, a
MHOT/Ia TIPAaKTUYECKH HEe MOXKET OBITh peaM30BaHO M3-32 OYEHb HU3KUX CKOPOCTEH
TOpeHus u TpeOyeT NMPUMEHEHUs! HOBBIX IOAXOA0B. Pe3ylbTaToM MHOTOJETHHUX HC-
CJICIOBaHMH, BBITIOJHEHHBIX BO BCEM MHPE, CTAJIO MOHUMaHHE HEOOXOIMMOCTH TIPH-
BJICYEHHS [ PELICHUS 3a/1a4 TOPEHNUS Ta30B3BECEH, KaK B DHEPIeTUKE U B DKOJIOTHH,
TaK M JUI1 TEXHOJIOTMYECKHX IPHIOKEHHH TOpPEeHUs, 3HAaHWH M3 (U3MKU Ta30BOH U
IbLUICBOU IIa3MBl.

IIprmeHeHune mIa3sMel I yITydIleHHs TOPEHUs TOILUIMBA UMEET JUIMHHYIO HCTO-
PHIO U B MOCJTEIHME J[BA JCCATUICTHS aKTUBHO PAa3BHBAETCA, BBLACIMUBIINCH B aKTy-
alpHOE HayyHO-TexHHu4ueckoe HarpasieHue (Plasma Assisted Combustion - PAC). Ha
CCTOAHSAIIHAHN JIeHb OOJIBIIMHCTBO PE3YIBTATOB 110 BIHMSHHIO IUIA3Mbl HA IPOIECCHI
peoOpa3oBaHusI TOTUIUBA ITOJTYYEHBI JIs Ta30BOTO IiaMeHH [1].

J1st ra30BbIX IJIaMEH OCHOBHBIE MEXaHU3MbI HHTEHCH(UKALMH TOPEHUSI TOILTUB
C MCHOJb30BAaHUEM Pa3IMYHBIX BUAOB IJIa3Mbl U3BECTHBI JOCTATOYHO XOPOILIO. ITO,

DOI: http://dx.doi.org/10.18524/0367-1631.2018.55.149927 59



Disuka aepoaucrepcHux cucreM. — 2018. — Ne 55. — C. 59-70

TIPEXKIIE BCETO, Mennogvle, KuHemuyeckue W MmpaHCcnopmHble MEXaHU3MBI. 3HAYH-
TENBHO MEHBIIIE U3yYCHO BIMSHHE IUIa3Mbl Ha TPOLECCHl BOCIUIAMEHEHHS W TOPCHUS
JIICIIEPTUPOBAHHOTO B OKHCIISIIOLIEM Ta3e roprodero. Hannune nucnepcHoit (assl B
TUTAMEHH TPUBOJUT K TIOSIBIICHHIO HOBBIX IO CPAaBHEHHUIO C Ta3aMu (P (PEeKToB, 00y-
CJIOBJICHHBIX HAIMYHEM 3aps/ia y YacTHI] TBEPAOTO U JKUAKOTO Toprodero. bomprroit
MHTEpeC MPEACTABIAI0T HEOOBIUHbIE MEXaHU3MbI TIEPEHOCAa MacChl U TeIlla 3a CHeT
JJIEKTPUYECKOTO B3aMMOCHCTBHS 3JIEKTPUUECKH 3apsDKEHHBIX YacTHIl TOIUIMBA U
HMOHOB Ta3a WM MOJSPU3AIMOHHOTO B3aMMOJICHCTBUS 3apsHKCHHBIX YaCTHI] C DJICK-
TPO-HEUTpaJIbHBIMU HOJISIPHBIMU MOJIEKYJIaMu raza [9].

Lenbto HacTosIIeil pabOTHI SIBIISETCS AKCIIEPUMEHTAILHOE UCCIIC0BAHKE BIIMS-
HHE IUTa3Mbl HA TOPCHHE TUCIIEPTUPOBAHHOTO TOIUTUBA W aHAJIM3 KITIOYCBEIX, 10 MHE-
HHUIO aBTOPOB, 3()(heKTOB, BOHUKAIONINX B YCIOBHAX TEPMHICCKOM HITH Ta30pa3psi-
HOM MOHM3aLMK JAByX(]azHOro rameHu. OTH (G QEKThl BIUSIOT HA BCE OCHOBHBIC
npoueccsl Mpeodpa3oBaHus TUCIIEPCHOTO TOIUIMBA B IBUIEBOM IUIAMEHH U MOITOMY
MOTYT OBITh UCITOJTF30BaHBI AJIS pa3padOTKH HOBBIX YHEPTETHICCKUAX U TEXHOJIOTHYE-
CKUX CXEM CXKHTaHHUS TBEPJOTO H KHUIKOTO TOILTHBA.

JKcnepuUMeHTANbHbIE HCCIEI0BaHUS ABYX(Aa3HBIX ILUIAMEH TBEpPAOro H
JKHAKOTO0 TomauBa. [l wWccileoBaHWS BIUSHUS HEPaBHOBECHOH WOHHU3AIMU
JIByX(a3HOTO IUIAMEHM JKMJAKOTO TOIUIMBAa Ha WX TOpPEHHE B HAcTosIeld padore
WCIIOJIb30BANIUCH CEPUNHHBIC KUIKOTOTUIMBHBIE TOPENKH JJISi OTOMUTENBHBIX KOTJIOB -
ropenka JlamOopmkuan u ropemka MI'C-J[-25-4, xotopsle MoryT padoTaTh Ha
JIN3EIFHOM TOTUINBE, He(hTH min MaszyTe (puc.l).

Jis voHM3alMK MmIaMeHH B HAIlIMX MCCIeI0BaHMUIX MPUMEHsJICS TeHeparop Te-
Cla CO CIAYIONMMH XapaKTePUCTUKAMH: 4YacTOTa TeHEpalid CTPUMEpPOB
f~(0.1 +0.3) MI', ammutyna umiysibcoB U < 300 kB. BHemuii Bua rereparopa
U CTPUMEPOB B PeaKTOpe MpuBeAeHb! Ha puc.2. JKUIKOTOMIMBHEIE TOPENIKUA U T'eHe-
parop Tecna 6pu npenocrasnensl pupmoit OO0 « CAHKAITUTAJIMHTEJIEKT-
EHEPXI».

[Ie1eBbIe MIaMeHa JUCTIEPCHOTO TOPIOUYETo U3YyYaluCh Ha «IIBUIEBOW» TOpeEIke,
paszpaborannoii B UI'HT OHY. JlaGoparopHslii cTeHn BKJOYan B ce0s KoaKkchalb-

-
PACUET  HPMTERK

Puc. 1. BHeurHmii B KUIKOTOIUIUBHBIX TOPEIOK:
a) - ropenka Lamborghini ECO-5RN; 6) ropenka MI'C-JI-25-4
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Puc. 2. TeHepatop BBICOKOBOJIBTHBIX CTPUMEPHBIX PaspsioB
(a) u pa3psn B TpyOe (0)

Puc. 3. daxen AU3eIbHOIO TOILUIMBA Ha MPE/IENC BOCINIAMCHEHHUS AIIEKTpUYe-
CKHM pa3psioM B KBapIeBOH 3alIUTHOH TpyOe (a-B) u 6e3 TpyoOs! (T-¢). Kon-
LEHTPALHs TOPIOYEro Ha PHUCYHKAX YBEITMYNBACTCS CBEPXY BHH3

HYIO «IIBUICBYIO» FOPEIIKY, OJIOK IOJAYH U PacIiblia HOPOIIKa, CUCTEMY YJIaBINBaHHs
MPOJYKTOB CrOpaHus, KOHTPOJILHO-U3MEPUTENbHYIO anmnaparypy [2]. MccnenoBanus
MPOBOJIMIIKCH ISl JIAMMHAPHBIX AU Qy3uoHHBIX 1BYX(DasHbix dakenos (JIAAD) Al,
Fe, Zn, Zr. TTonpo6uo crioco6 cozmanus JIAJI®D, a Takke HEKOTOpPBIC €ro CBOWCTBA

paccMOTpeHsI B padborax [2].

Kunakoe roprodee. Ha puc. 3(a-B) mpuBeneHsl ¢ororpaduu pacmbUIEHHOTO
BO3yXOM B 3aIlIUTHOHN KBapIeBOW TPpyOe MU3EIBHOTO TOIUINBA IS YCIOBHM, IIPH KO-
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Puc. 4. Dororpaduu MeUIEBOro MiIaMsi YaCTHI] TBEPAOTO TOILTHBA
B Cpelie CTPUMEPHOro pa3psizaa. a) BEICOKOUaCTOTHBII paspsia B BO3IYXE;
6) mams gactun Topda (d;9 <100 Mxm); B) yrombHas nbuib (d;y <100 Mxm)

TOPBIX XHUAKOTOIUIMBHASI TOpPENKa HE TOAJEP)KMBAaeT FOpPEeHHE CMECH TOPIOYEro ¢
Bo3ayxoM. @otorpadum Ha puc. 3 (T-€) MOIYIECHBI C TOMOIIBIO CKOPOCTHOH KHHO-
CBHEMKH ISl TeX K€ YCIOBHH, HO AJISI yIyYIIeHHs BUANMOCTH KBapueBas TpyOa He
HCTIOJIb30BAJIACh. DIIEKTPO/Ib TE€HEPATOPA BEICOKOYACTOTHBIX MMITYJIbCOB pacroJara-
nuck Ha paccrosuun 20-30 cM oT dopcyHKH ropenku. [Ipu BKIIOYEHHH dJIeKTpHYe-
CKOTO pa3psja HaOIoJaIuch HEOObIINE OYaru IIAMEHH, KOTOPbIE CHOCHIINCH IIO-
TOKOM ra3a (puc. 3a u 3r). [Ipy NoBBIIIIEHHMN KOHIEHTPALMK [OPIOYEro B CMECH Kap-
THHA Ka4eCTBEHHO HE M3MEHsJIach, HO 00JIacTh, B KOTOPOI HAaOJII0JaJIOCh BOCILIAMe-
HEHHE OT/ICNBHBIX 00BEMOB CMeCH, yBennunBanach (puc. 36 u 3x). [Ipu manpHeimem
MOBBIIICHUN KOHIIEHTPAIIMN TOPIOYEro CKOPOCTHas (POTOCHhEMKaA MO3BOJIMIA 3a(uK-
CHpOBaTh PAacIpOCTPaHEHMS IIAMEHH BIEBO M BIPABO OT 3JIEKTPOJA C Pa3psIoOM.
Habnronanace HafexHas cTaOMIN3alMs MIAMEHH TOpPENKU (CM. puc. 3B # 3e), KOTo-
pas rcue3ana Ipy OTKIFOYCHUH 3JIEKTPUIECKOTO Pa3psaa.

TBepable YacTHIBI OPraHUYECKOI0 IOPIOYOro. beiiu npoBeseHbl MUIOTHBIC
9KCIIEPUMEHTBHI, HANPaBJICHHBIC Ha YIy4YIIeHHE CTAaOWIN3aluM IUIAMEHH U yBEIHde-
HUE WHTEHCHBHOCTU TOPEHHS OPTaHMYECKOH NBUTH (yroib, TOpd) MO JEHCTBHEM
CTPUMEPHOTO Pa3psiza, MOTyYSHHOTO ¢ TOMOIIBIO TeHepaTopa Tecna. DKCIIepUMEHTHI
MPOBOJMIINCH IJISI TBEPABIX TOPIOYHMX B YCIIOBHSX, AETAIbHO ONMCAHHBIX B pabore
[3]. Ha puc. 4 npusenens! ¢ororpaduu IEKTPHIECKOTO pa3psana B TpyOe Topenku
(puc. 4a) n BHewHMH BUL (akenoB yactun Topda (puc. 40) n yactun yris (puc. 4B).
Habmronanock cyliecTBeHHOE yiydlleHHe cTaOWiIn3aliy IIaMeHn JacTul Topda u
YIJIsl, YBEJIIMUCHNE CKOPOCTH TOPEHMSI M MOJHOTHI CTOPAHMSA, HO CIIEAYET OTMETHTh
3HAYUTENBHYIO0 HECTAaOMIBHOCTE IBYX(a3HOTO (hakena, KOTOpas BEIpaskayiach B KOJIe-
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0aHUAX CBETHMMOCTH TBUICBOTO IDIaMS W €ro ()parMEHTAIMH Ha OTICIBHBIC SUCHKH
paszMepoM okoito 1-2 cm.

IToxa HEeMHOTOYHCIEHHBIC 3KCIIEPUMEHTAIBHBIC HCCIIEAOBAaHUS TOPEHUS Ta30-
JIICTICPCHBIX CHCTEM B IIIa3Me MOKa3bIBAIOT A(P(PEKTUBHOCTH STOTO MOAXOAA K IIpe-
00pa30BaHMIO TUCIIEPCHOTO TOIUIMBA B SHEPreTHKE, HApUMep, A WHTeHCH(UKa-
I[UM TOPEHHs YIJIs U CTAaOMIM3aIliM TUIAMEHHU B IPOMBIIUICHHBIX TONKax B [4] ¢ mo-
MOIIBIO IIa3MOTPOHA.

BecbMa nepcreKTHUBHBIM MOKET OKa3aThCsl COKUIaHUE YaCTHL] TBEPJOTO TOpIO-
yero B aTMocdepe BoasHOro napa. Hampumep, B [5-6] ¢ menpro momydeHus: BOZopoaa
HCCIIeIOBAHO TOPEHUE Ta30B3BECH YACTHUI[ AIFOMUHMA B BOJSHOM mape. [l noHu3a-
IIIH Ta30B3BECH YACTHII JJFOMHUHUS B BOJTHOM Tape M IeHepaluy paguKaioB (More-
kymsl OH) B [5] ucmonp30Bascs BEICOKOYACTOTHEIHN reHeparop ¢ karymkoi Tecia (U
~ 30 kB, f~ 0.5 MI'n). [Ins miockux yacTui aqroMuHuUs ¢ pazMepamu 50x200 MkM
OTMeYaeTcs 3HaUUTeNIbHOE (0T HECKOJIBKUX YacOB B OTCYTCTBHUE IUTa3MBI J0 MpUMep-
HO | ¢ IpW HaJIWYHNH IDTa3MbI) YMCHBIICHHE BPEMCHH XUMHUYECKOW PEaKIHy aTfOMU-
HUSl C BOJOH. DKCIEPUMEHTAIBHO MOKa3aHa BO3MOXKHOCTh JETOHAIMU ra30B3BECU
YaCTHUIl ATIOMHUHUS B BOASHOM Tape NMpH HATUYUH IJI1a3Mbl. DTU UCCIIEAOBAaHUS IOy~
YUJIM pa3BUTHE B [6] ¢ yacTuiiamMu aimoMuHUS quametpoM 1o 100 mxwm. s nonusa-
IIUH Ta30B3BECH YaCTHI] METaJUla B aproHE M BOISHOM Iape Mpu atMoc(hepHOM JaB-
JICHUU TPUMEHSIINCH Pa3IMYHbIe paspsaibl B Ta3e — Ayra MOCTOSHHOTO TOKa, BEICOKO-
94aCTOTHBII reHepaTop Ha ocHOBe Karymiku Tecna (f ~ 0.5 MI'1r), reHepatop MUKpO-
CEKYHIHBIX HMITYJIbCOB, a TAK)KE HX KOMOMHALIUHI. ABTOPHI YTBEPKAAIOT, YTO BHYTPH
71a00paTOPHOTO IUTA3MOXUMHYIECKOTO PEaKTOpa CKOPOCTh PEAKIMH aJIFOMHIHHUS BOJS-
HBIM [TapOM B HEPABHOBECHOH IIa3Me Ha 2 — 3 MopsA/aKa MpeBbIIiana CKOPOCTh peak-
mun Oe3 tura3Mel. [IpruBeIeHB! OIEHKH YHEPTHH HEOOXOTUMOH sl TeHEepauu OJHOM
MoJIeKyIBI Bogopoaa (1-3 sB/Mosekyiry), 9To IpakTHIeCcKH Ha JIBa MOPs/IKa MEHbIIE
SHEpPruu HeoOXOAMMON AJIS MOJTyYeHHs MOJEKYJbl BOAOPOJA C MOMOIIBIO 3JIEKTPO-
nms3a.

JlamuHapHBI NbLIEBOH (haken yacTHI MeTa/LIa. DKCIEPHUMEHTAIBHO MPO-
BEPEHA BO3MOXHOCTb HUCIIOJIB30BAHUS CTPUMEPHOIO paspsia Uil BO3ACUCTBUS Ha
mpoueccsl ropeHns U (a3000pa3oBaHNs KOHAECHCHPOBAHHBIX NPOAYKTOB CTOPAHUS B
JAMHMHApHBIX TBUIEBBIX IUIAMEHAX METAJUIOB. Takue HMCCIENOBaHMS MPENCTaBIISIOT
UHTEpEeC I Pa3BUTHS TEXHOIOTUUECKUX MPHIOKEHUH ropeHus meramioB [2]. Yac-
THUIIBI BCEX METAJUIOB UMEJH MPHOIN3UTESIBHO OJTUHAKOBBIN pa3mep d;y ~ 5 Mxm. [lo
MHEHHIO aBTOPOB, MOXKHO OXHAATh pa3Hble 3(Q(EKTh! BIUAHHA IIa3Mbl HA TOPCHHUE
MmetayutoB. [t pakena gacTHIl HMHKA OXXHAAIOCH CYIIECTBEHHOE YITy4IICHHE €ro
crabunu3anuy. Panee Hamu OBIJIO TMOKA3aHO, YTO (DAaKeN IMHKOBBIX YAaCTHUI HE yIacT-
Csl CTaOMIM3UPOBATh MPYW KOMHATHOHM TemIiepatrype Jake B YUCTOM Kuciiopone [2].
st dakenoB yacTull xeje3a, THTaHa, IUPKOHMS NPENICTABIISICT HHTEPEC N3MEHUTD C
MOMOILIBIO TUIa3Mbl PEKUM I€TEPOTeHHOTO TOPEHUS YacTHUIl METalla Ha ra3o(asHblil
PEKUM, YTO TO3BOJHUT YCOBEPLICHCTBOBATh CHHTE3 HAHOYACTHI[ OKCHIOB 3THUX Me-
TaJUIOB METOAOM Ta30ANCIIEPCHOTO CHHTE3a. [t MbUIeBOTO (haKkena JacTHI[ alOMH-
HUS U MarHys ynpasiisieMasl HOHU3alus 30HBI TOPEHUS! TI03BOJIUT pa3paboTaTh METO-
JIbI YIIPaBJICHHUs pa3MepPOM HaHOYACTHIl OKCUIA ATFOMHUHUSI.
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Puc. 5. Kunorpamma meuteBoro (hakena 9acTHI] ATIOMUHUS B
CTPUMEPHOM paspsizie

[ocne crabmmmanny nudQy3HOHHOTO MBUIEBOTO (Dakera MEeTAIMIECKUX dYac-
THIl ¥ BKIIFOUSHHUS TeHepaTopa Tecina MexIy MEeTaUTMIECKUM KOPITYCOM «ITBUICBOID
TOPEJIKA U METaJUTMYECKUM DJIEKTPOJIOM, PACIIOJIOKEHHBIM BEPTHUKAJIBHO BJIOJb I'€0-
METPUYECKOH OCH LWJIMHIPHUYECKOW TOpPEJIKH, BO3ZHHMKAI OJIEKTPUYECKUH paspsil.
JuameTp BHyTpeHHeH TpyOku ropenku Obut paBer 0.24 M. Koner anektponia pa3me-
maiicst Ha paccrostnuu 0.10 - 0.12 M ot cpesa ropenku.

Jlyis wiuTiocTpaly Ha puc. 5 npuBe/ieHa KHHOTpaMMa (hakesa 4acTHI] Jkese3a B
paspsize. B oTiimume oT pacCMOTPEHHBIX BBIIIE TYpOYJISHTHBIX INIAMEH OpTaHHIECKO-
TO TBEPJIOTO ¥ XHUIKOTO TOPIOYHX, 30HA TOPEHHS JTAMHHAPHOTO IUIAMEHH YacTHI[ Me-
TaJla UIMEeT BHJI KOHYca, M 00JAaCTH BBICOKUX TEMIEPaTyp JIOKAIN30BaHbI BHYTPU
Y3KOH KOHHUYECKOH 30HBI ropeHust. OKnAaIoCh, YTO IISKTPHUIESCKUN pas3psil pacmpe-
JETUTCS TI0 TIOBEPXHOCTH TOPEHUsI (IIOBEPXHOCTH ¢ MAaKCHMallbHOW TeMIIepaTypoii),
HO B 3KCIEPUMEHTAX BO3HHMKAJI TOJBKO OJWH KaHAT 3JIEKTPUUECKOTO paspsiza ToJl-
IIMHOW HECKOJbKO MHUTUMETPOB (puc.5). Kanan pasmemancs Broib 00pasyroiueit
KOHYCa ITOBEPXHOCTH IUNIAMEHH U CKOPEE BCETO B PE3yIbTaTe KOHBEKTUBHBIX KOJeba-
HUH TOBEPXHOCTH INIAMEHH TTOJIOXKEHHS KaHalla CIly4aiiHO H3MEHSIIOCh.

Hamu oxupanus ObUIM MOATBEPXKAEHBI TOJBKO YacTHYHO. B skcnepuMmeHTax
3HAYUTENbHAs MHTEHCU(HKALMS TOPEHUS] METAJUTMUECKOM MBbLIN HAa0JII0Aa1ach TOJb-
KO B 00J7IaCTH KaHaja 3JIEKTPHIECKOro pas3psiza. [is JacTHI HUHKA HaOII0NaNoCh UX
TOpEHHE B 3JIEKTPUUECKOM pas3psijie, O YeM CBHUAETEIBbCTBYET BBICOKAs CBETUMOCTh
30HBI TOPEHHS, XapaKTEPHBIH IS TUIAMEHU IIMHKA OMPIO30BBIM IL[BET, M HAINYUE B
MIPOXYKTax CrOpPaHUs YacTHUIl OKCHIA NWHKA. B mpomykTax cropaHus »kene3a MOSBH-
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JIMCh YacTHUIBI OKCHA Xkene3a kopuaaeBoro nsera (Fe,0;), uTo cBUaeTensCcTByeT 00
n3MeHeHnH (pa3oBoro cocrasa (M pa3Mepa YacTHIl) NPOAYKTOB cropaHus. B oObru-
HBIX yCIOBHSX B Au(Qy3uoHHOM (akese 4YacTull skeje3a 00pa3yloTCs HacTHIbI
Fe;04, pazMep KOTOPBIX OJIM30K K pa3Mepy YacTHIl HCXOTHOTO roproyero [2].

Hcxons U3 M3JI0KEHHOTO, MOXKHO YTBEPXKAATh, YTO VIS YJIYYIICHHS TOPEHUS
MBIIEBBIX ITAMEH OPTaHHMYECKOTO U HEOPTaHUYECKOTO TOPIOYEro Hy>KHO MPUMEHSTH
T€ BUIBI Ta30BBIX Pa3psAA0B, KOTOPhIE IPUBOAAT K 00pa30BaHUIO0 OOBEMHONW HOHM3A-
IIY 30HBI TOPEHHUS IBYX()a3HOTO TUIaMEHH.

MexaHu3Mbl HOHM3ALMHU Ta30BOH U JUCHEPCHOI (a3bl B NMbLIEBOM ILIaMe-
HH TBEPIOTo ropio4voro. /Iy WHTEHCHU(HUKAINE TOPCHUS Ta30B IPHMEHSIOTCS He-
CKOJIBKO BHOB pa3psIoB B ra3e MpH aTMOC(EpHOM IaBJICHHUH, KOTOpPHIE 00pa3yro
IU1a3My C pa3HBIMHU CBOMCTBaMHU. X0100Has Tina3Ma oOpasyeTrcsl B pe3ysbTaTe yaap-
HOW MOHU3AIMU OBICTPHIMU JIEKTPOHAMH B KOPOHHBIX pa3psiiax, CTpUMEpax, UCKPO-
BBIX pa3psiax, pa3psamax depe3 OUIeKTPUIecKUil Oapbep U sIBISCTCS CHIIBHO HepaB-
HOBeCHOH. Tepmuueckas TimazMa oOpa3yercs B JIEKTPUIECKOW Ayre MOCTOSHHOTO
WM TIEPEMEHHOTO TOKa M IMPUBOJUT K CHIBHOMY Pa30rpeBy CPebl B pa3psaaHOM Ka-
HaJle, 9TO CYIIECTBEHHO CHIDKAET YHEPTHIO AJIEKTPOHOB, HEOOXOANMYIO [UISI HOHU3A-
UM TUIaMEHH (TI0 CPaBHEHHUIO ¢ XOJIOJHOH Imma3moit). B Takoi mra3me temmeparypa
9JIEKTPOHOB OJIM3Ka K TeMIepaType ra3a M Iuia3ma Io ra3oBoii (ase OJiM3Ka K paBHO-
Becuro. Pa3muuaroT Takske NPOMEKYTOUHBIN BUJ IUIA3MBI, MEXKAY XOJIOJHOW U Tep-
MHYECKOU - «mennyioy» mia3My («warmy» plasma). «Temnas» rma3Ma sBiseTcs He-
paBHOBECHOH (Temmeparypa 31eKkTpoHoB 7, = 1-3 eB >> T,~2000 K) u mMoxeT ObITh
MOJyYyeHa MPaKTUYECKH C MOMOINBIO JII0OOTo ra3oBOro paspsiia (MHKPOBOJIHOBOI
paspsiz, TIACIOMMNN pas3psif, CKOJB3SIIUN TyroBOH paspsa, UCKPOBOW pa3psa W Ip.)
TIPH YCIIOBUH, 9TO MOITHOCTH pa3psaa (WM pa3psIHBIH TOK) CTaOMIN3HPOBaHa, 4TO-
OBl HE MO3BOJMTH pa3psAy mHepeilTu B o0IacTb AYroBOro paspsiaa (TepMHUECKOi
mwia3mbl). [lo MHEHHIO aBTOpPOB [7], ATOT TUM paspsij SBISETCS ONTUMAIBLHBIM JJIS
OOJBIIMHCTBA MPUMEHEHHUH TTIa3MBI U IPeoO0pa30BaHuUs TOTIIHBA.

[pucyTcTBHE YacTHIl KOHICHCUPOBAHHOW (Da3bl B ra3e CHIBHO YCIOXKHSCT OIH-
CaHMe TaKUX CUCTeM. Ecnu peds uieT o TepMUUECKONH HOHU3ALUH CPEbl, TO 3apsaaKa
MHUKPOJUCIIEPCHBIX YaCTHUI] MIPOXOIUT 10 TUPPY3HOHHOMY MEXaHU3MY, IIPUIEM 3a-
PS4 4acTUL] HUYEM HE OIpaHMYEH U MPONOPLUOHAIEH AMaMeTpy dactuisl. Ecnu k
JIByx(asHOil cpese NPHIOKEHO HIIEKTPOCTATHYECKOE I0JIe, TO 3apsijika YacTHIIbI
MIPOUCXOJUT B HANPABICHHOM IMOTOKE AJIEKTPOHOB UM MOHOB U MPH JAHHOUN Hampsi-

KECHHOCTH 3JICKTPUIECCKOTO IOJI U MPH JaHHOM pa3Mepe YacTHI[ CYIIECTBYET Mak-
. Ed’
CHUMAJIbHO BO3MOXKHBIM 3apsii 4acTupl O, = ‘4 [8]. 3apsim mocTuraeT mpeaenbHO-

m
T'O 3HAYCHUA, IIPH KOTOPOM HAIIPSPKCHHOCTb BHCIIHETO ITOJISI CTAHOBUTCA paBHOﬁ I10-
BerHOCTHOﬁ HaIIpsHDKECHHOCTHU EX, HeO6XO£[PIMOI>i IUISL CTIOHTAHHOM 3MHUCCHH JJICK-

TPOHOB MJIM MOHOB C MOBEPXHOCTH KaILIU. B peanbHBIX yCIOBUSAX Hanbosee BEeposT-
HOM ABIISIETCS 3apsiKa YacTHIl B Pe3yJIbTaTe COBMECTHOrO JeifcTBust audy3HoHHO
3apsIKU M 3apsIIKU B AJIEKTpocTaTHIecKoM moie [8].
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B razopaspsiaHoii mia3Me B 001acTH NapaMeTpoB KOHICHCUPOBAHHOM U ra3o-
BOH (a3, IpH KOTOPBIX BBINOJHAETCS YCIOBHE 7} << A, <<[, (A, — nebGaeBckuil pa-

JMYyC 3KPaHUPOBAHU 110 HNEKTPOHHOH U MOHHOM KOMIIOHEHTaM, [, — JuHaA CBOOO-
HOTO TIpo0era MOJIEKYJI Ta3a), 3apsi YacTHI[ PaAIyCOM 7, MOKHO OTIPEICIUThH B IIPH-
OIMKeHHs OrpaHuYeHHOTO opOuTampHOro aemwkeHus (OML) [8]. Ecnu mra3my B 30-
HE TOPEeHHs MOYKHO CUMTATh PaBHOBECHOH (BCe KOMIIOHEHTHI IIa3Mbl MIMEIOT OJIMHA-
KOBYIO TEMIIEPaTypy) U KOHJCHCHPOBAHHYIO KOMITOHEHTY MOYXHO PacCMaTpHBaThCS
KaK TUIa3MEHHYI0O KOMIIOHEHTY (BBIMOJHSAETCS YCIOBHE: KOJIMYECTBO YACTHUI]

N,

A

4 .
= gnk o, B nebaeBckoil cepe MHOTo OOJbIIE EAMHULBI, TOE /; — KOHIEHTpA-

[Usl YaCTHII), MOHU3AIMOHHOE PAaBHOBECHE B CHCTEME MOXKHO PaccuuTaTh C MOMO-
IIbI0 cHCTeMBI ypaBHeHH Caxa.

Binsinne MOHM3anMM cpeibl HA KMHETUKY XUMHYeCKMX PeaKnuii U npouec-
chbI NepeHoca. B MOHNM3MPOBAaHHBIX Ta30ANCIIEPCHBIX CHCTEMax CKOPOCTh HPOTEKa-
HHS T€TEPOr€HHBIX XMMHUYCCKUX PEaKIMi MOXKET 3aBHUCETh OT HAJIMYMs IICKTpHYC-
CKOTO 3apsifia y 4acTHIBL. DTOT 3P PEKT 0OBICHIETCS YBEIMYCHHEM HHTEHCUBHOCTH
B3aUMOIEHCTBHS MOJICKYJI ra3a ¢ MOBEPXHOCTBIO YACTHUIEI B PE3yIbTAaTe YBEIUUCHUE
KWHETUYEeCKOH SHEpruu 3apsDKCHHBIX MIIM DJIEKTPHUYCCKH HEHTPAIBHBIX IMOJSPHBIX
MOJIEKYII Ta3a B 3JIEKTPUUECKOM II0JIE 3apsAa Ha JUIMHE CBOOOAHOTO mpobera Moie-
KyJ ras3a l,. YBenuueHue SHeprud MOoJIEKyJ ra3a IPUBOAUT K TOMY, YTO YBEINYHBa-
eTcs J0JIA MOJIEKyJ 00JIafaroIuX YHEepPruei NTOCTaTOYHOM AJISI IIPEOJOJICHUS TOTEH-
[UAIBHOTO Oapbepa XMMHUUYECKOW peakuuu. B Takux ycioBHSX BO3HHKAIOT MOIIHBIE
3JIEKTPOCTATHIECKHE MOJICKYIIIPHBIE HACOCHI, BIUSIONINE HA IPOLECCHI IEPEHOCA aK-
TUBHBIX PEAareHTOB K 30HE PEAKIMU U MU MOCTOSIHHOW TeMIepaType Cpeibl yBelIH-
YEHHUE CKOPOCTU XUMHUYECKON peakIMy Ha MOBEPXHOCTH TOIUIMBA MOXHO TPaKToO-
BaTh, KaK «IIOHIDKEHHE» YHEPTUHN aKTUBAUU peakuuu (E,).

VYBenn4ueHne KMHETHYECKOH YHEPIHU MOJSIPHOM MOJISKYIHI (&) paBHO M3MEHe-

g B JJIEKTPUYECKOM IOJIE
4ne, r
JaCTHITEl Ha JJIMHE CBOOOTHOTO TpoOera MONEKYIsI [, (p — OWIIONBHBII MOMEHT MO-
TeKynbl, O — 3aps] JaCTHIBI KOHICHCHPOBAaHHOW (asbl, » — PAacCTOSHIE OT IIEHTPa

YaCTHLBI A0 AUIION, € — 3JICKTPUICCKAsA HOCTOﬂHHaﬂ). I[J'Iﬂ pagnyca 4aCTULbI rk<<lg

HUIO DJIEKTPOCTATUYECKON DHEPTUU TUNOIS u(r) =

MOJIYYHM:
1 pQ 1 po 1 pQ'

= 2 2 = 2
4me, (lg+r,() 4me, 7 4me,

(M

€r

O‘{CBI/I,Z[HO, 4YTO €CJIM YacTula BBaHMOHeﬁCTByeT HC C HOHHpHOﬁ MOHeKyHOﬁ, ac
HOHOM IMPOTUBONOJIOKHOI'O C 3apsAA0OM ¢ 3HaKa, TO UIBMCHCHUEC KHHETUYECKOM OHCP-

ruu uona Gyner e, ~qQ/r’ .
Ecim g, =E, /N, — dHeprusi akTHBALMN XUMHYCCKON PEAKLUH, TIPUXOSIIAsCS

Ha OJHY MoJekyny (N, — yucino ABoraapo), TO TOJbKO MOJICKYJIBI, 00JIaA0IINe KH-
HETUUYECKOH dHepruedl €>¢,, BCTYISAT B XMMHUYECKYIO PEAaKLHUIO HA IOBEPXHOCTH
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gacTuIpl. KonmaecTBo Takmx akTUBHBIX MOJIEKYJ (AN ) u3 obmiero ux xoimdectsa N
MOJKHO OIICHHTH W3 pacnpeﬂeneHm Makcsena:

—e/kgT, NDC _z
AN=—"— f(k " jf de= I\Ge dz, 2

rne z=¢,/k,T,. VYuects KHHeTquCKon SHEPTHI0 MOJIEKYJIbI, TIPHOOPETEHHYIO B

ANIEKTPUYECKOM I10JI€ YaCTHUIIbI KOHACHCUPOBAHHOW (a3bl, MOXKHO 3aMEHUB HIDKHUIM
Ipeziesl MHTerpupoBaHus B (2) Ha z =g, / (kyT, +¢;).

JJs WIUTIOCTpanyy BETMYUHEI 3TOTo d((deKTa paccMOTPUM OKHCIICHHE B BOJS-
HOM TIape (IUMOJNBHBII MOMEHT MOJICKYNHEI Boabl p = 0.6 10 K M) gacTuIs! amo-
MUHUS paycoM 7;=1 HM ¢ MHHUMAaJIbHBIM 3apsaaoM Q = 1.6 10 K NIpu TeMIepary-
pe T,, ~ 933 K (temnepatypa ruiaBnexus amoMmunus). C nomormsto (1) u (2) snerko
yOeAHTHCS, 9TO IEKTPOCTATHICCKOE B3aMMOICHCTBHE YaCTHIIBI METaIa U MOJICKY-
JIBI BOIBI IPUBOAUT K 4-X KPATHOMY YBEIHYCHHIO KOJIMYECTBA MOJICKYI, TPEOIoIIe-
BaOIMX aKTUBAIMOHHBINA Oaphep peakiyu, YeM B cydae, KOTJa 9TO B3aUMOIEHCT-
BHE HE YYHTBIBaeTCs (B OICHKaX MpuHUMAaNOoCch E, = 200 kJ[/Moib). DTO SKBHBa-

JIEHTHO IIOHWKEHHIO» SHEprnH akTnBamy peakumn B (1 + € / kyT,)~1.7 pas.

B [10] nns HaHOWACTHII JKeJie3a U aTFOMHUHMSI, OKHCIISIOIIMXCS BO BIIAYXHOM BO3-
JIyXe, TMOKa3aHo, YTO HIICKTPOCTATHICCKUE MOJICKYIISIPHBIC HACOCH MOTYT IIPUBOIHUTH
K BECbMa HEOXKUIAHHBIM 3(PQeKTaM, KOTJa OCHOBHBIM OKUCIIUTEIEM T'OPIOYEro OKa-
3BIBACTCS HE KHUCIOPOJ BO3IYXa, a Maphbl BOJIBI, MOJIBHAS JOJISI KOTOPHIX HA MOPSIOK
MeHbIIIe KOHIIEHTPALUH KHCIOPOIa.

B [11] 6but0 MOKa3aHO, YTO MOHU3AIMUS CPEbl OKa3bIBAET CUIIHHOE BIUSHHUE Ha
KUHETUKY TPOMHBIX XuMHueckux peakuuit 4 + B + C — AB + C, xoTopsle BecbMa
pacmpocTpaHeHHI B Ipolieccax ropeHus. Eci He yIuTeIBaTh 00paTHYIO PeaKIuio, TO

d[AB]

CKOpOCTb TaKOW peakuuu =K[A][B][C], tne C — MoJyeKyna 0aliacTHOTO Tasa.

Jis  DIIeKTpOHEHTpaNbHBIX MOJIEKYJI MOPSAOK KOHCTAHTBI CKOPOCTH PEaKIUU
K~10"* m%c [12]. Hammame B ra3oBoii (haze MONCKYISPHBIX HOHOB MOJKET CYIICCT-
BEHHO TOBJHMATH Ha KOHCTAHTY TPOMHBIX CTOJIKHOBEHHH. Ecim Mojekyna sBisercs
MOJISIPHOM, TO KOHCTAaHTBHI TPOWHBIX CTOJKHOBCHMI YBEITMUMBACTCS Ha JIBa TOPSIKA:
K~10"" M%c [11]. MakcnmanbHOe 3HAUCHHE OyIeT UMeTh KOHCTaHTa CKOPOCTH pe-
aKIIMM Pa3HOMMEHHO 3apsDKEHHBIX YacTHIL. B ciydae KylIOHOBCKOTO B3aUMOJACHCTBUS
OJTHOKPATHO 3aps’KEHHBIX HOHOB MPOTHBOMONOKHOTO 3Haka K ~ 107" m%/c.

JpyraM KMHETHYECKUM acleKTOM B3aUMOACHCTBHS 3apsDKEHHBIX YacTHI] KOH-
JICHCUPOBAHHOW (ha3bl ¢ HEHTPaIHHBIMHA MOJSPHBIMH MOJICKYJIAMH WIJIM MOHAMH SIB-
JSeTCsl 3aBUCUMOCTH 3((EKTHBHOTO CEYCHUSI CTOJKHOBEHHS MOJEKYI M YacTHIIBI

Sp = TCb2 OT BCJIMYHHBI DJICKTPOCTATUYCCKOI'O MOTCHIIMAIa AUTTOJIA (I/IJ'II/I l/IOHa) B II0JIC

yacTuupl. {ist nonspHol MoeKyssl 3 eKTHBHBIH pajuyc cedeHHs] CTOJIKHOBEHUS b
MOJKHO OLIEHHTBH U3 yCJOBHUSl PaBEHCTBA TEIJIOBOW YHEPTUU MOJEKYIIBI MOTEHIHAITY

3k,T, _ 1 pQ orkyma b= |—P2

aurnons ——= =, e
2 4me, b 6mek,T,

. B obnactu pa3mepoB yacTwil
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MeHbIEe 1-2 HM 3(1)(1)6KTI/IBHOG CCUCHUC CTOJIKHOBCHHS MOXKET MHOTI'OKPATHO IPCBbLI-
maTh reOMETPUICCKOC CCUCHUEC YAaCTULbI, ITI0OOTOMY HaCTOTa CTOJIKHOBCHHSA MOJICKYJI

1
ra3a ¢ MOBEPXHOCTHIO YaCTHUIIbI f :ZnUTSP (l’l — KOHIICHTPpAUA MOJIEKYJI, U, — CKO-

POCTB TETUIOBOTO JBMXXEHHS MOJIEKYIT), KOTOPAsl ONIPEAEIISICT MPEAIKCIIOHEHT B 3aK0-
He AppeHHyca, MOXKeT ObITh 3HAUNUTEIBHO OOJIBIIE, YeM B OTCYTCTBHE 3JICKTPOCTATHU-
YECKOI0 B3aUMOJICHCTBHSI.

OTMeTHM, YTO MHTEHCHBHOCThH TEIJIOOOMEHA YacTUIl B CBOOOJHO MOJEKYIpP-
HOM peXHMe TaKXe ONpeJeNsieTcs depe3 YacTOTy CTOJNKHOBEHUH M K03((HUIMEeHT
TEIUIOBOH aKKOMOJALWK SHEPTUH, TIO3TOMY B3aHMMOJCHCTBHE 3apsHKEHHOW YAaCTHIIBI
(xacrepa) ¢ MOISIPHOM MOJIEKYJIOH JOIDKHO MPUBOANTD K YIYYIICHHIO TEIUI0OOMEHa
MEJIKUX YacTHIl C OKpysKaromiei cpenoil. Takoi MexaHU3M BakeH Ul cOpoca Tero-
TBI TOPEHUS WM KOH/ICHCAIIMY MEJIKUMHU YaCcTHLIAMU KOHJICHCUPOBAHHOH (ha3bl.

Ecnu a4 9acTull BEINOJNHAETCS YCIOBUE 1y >> [, To U3 ypaBHenus (1) cnexyer
€; = 0 U MOJIEKYJIIPHBIE IEKTPOCTATHYECKUE HACOCHI IepecTaroT paborars. Kak n

B HEHTpaJIbHBIX Ta30B3BECSX, TEILUIO- MACCOOOMEH YaCTHIl C Ta30M OMpPEACSIeTCs
T y3uoHHO-KUHETHUECKUM (akTopoM kB / (k + ). [IpuueM Kak HA CKOPOCTh XH-
MUYECKOU peakimu (k), Tak ¥ Ha CKOPOCTh MaccoOMeHa ([3), B OOJbIel WX MCHb-
el Mepe OyJIeT OKa3bIBaTh BIMSHUEC HOHHM3ANUS TUIaMeHH (OBICTPBIC PEaKIUH C pa-
JMUKAlaMi ¥ HOHAMH, KYJOHOBCKOE B3aUMOJCHUCTBHE PEAarcHTOB, aMOHIOJIAPHAs
G Gy3us peareHToB U T. 11.).

Eire ofHUM Ba)KHBIM MEXaHU3MOM BIIMSIHUS HOHH3AIMHU TUIAMCHH Ha XapakTe-
PUCTHKH TOPEHHS TUCIIEPTHPOBAHHOTO TOIUTHBA SBISIETCS NPOOJICHUE Karelb JKHA-
KOTO TOPIOYETo B pe3yJIbTaTe HAKOIUICHUS Ha e TIOBEPXHOCTH JIEKTPHIECKOTO 3apsi-

7a, nocturaromero npezen Penes Q. =+/2nod’ , rie o — MOBEPXHOCTHOE HATSIKE-
Hue xuakocty [8]. Karmms aenmuTcs Ha HECKONBKO 0ojiee MENKHX YCTOHYHMBBIX Ka-
nens. 3aps 00pa30BaBIIMXCS Karedb B SJIEKTPHYECKOM I0JIe BO3pAcTaeT B HAIPaB-
nenuu (), , HO JAOCTUTHYB PEJIEEBCKOro mpexaena (). Kallld CHOBA AENATCS Ha He-
CKOJIbKO 0Oo0Jiee MENKUX Kameib. JTOT JABMHOOOPA3HBIM MpOIecC ICTCHUS B DIICK-
TPUUECKOM TIOJIe MPEKpamaeTcs, Korjaa pasMep ropsmux (Wid HCTIapsIomuXcs) Ka-
IIeJIb CTAHOBUTCSI TAKUM, YTO IPEAENbHBIN 3aps]] Kallld AOCTUracTCsl paHblle, YeEM
npenen ycroituusoctu Penes (Q, <Q,). OTOT MHUHUMAIBHBIA pasMep Kalenb d,
l6nc

—-

s
Iy, 4TO TIpHU TPHOIIKEHUH TeMIIepaTyphl KaIlTd TOPIOYEro K TeMIIepaType KATICHUI
KHUJIKOCTH, TIOBEPXHOCTHOE HATsHKCHUE yMeHbmaercs (o —0) U, COOTBETCTBEHHO d,
CTpeMUTcsl K Hynto. Takum o0pa3oM, pacCMOTPEHHBIN MeXaHU3M JIaBUHOOOPa3HOTO
JIeJIeHUs] Karellb PaclbUIEHHOTO JKUIAKOTO TOPIOYEr0 MOXKET CYLIECTBEHHO YJIy4IlIaTh
XapaKTePUCTUKU TOPEHUS MKHUAKHUX YIVIEBOAOPOAHBIX TOIUIMB M BOJOTOIUIMBHBIX
SMYJIbCUI HAa UX OCHOBE.

MOKHO OLEHUTb U3 COOTHOUmEHUAQ, =0, , OTKyda d, = Crnenyer uMeThb B BU-

3axioyenne. 13 mpuBeneHHOTO B pabOTe PAacCMOTPEHHS CIEAYeT BBIBOX O
MEPCIEKTUBHOCTH TEXHOJIOTHH IJIa3MEHHO-CTUMYJIUPOBAHHOTO TOPeHUs Uit A ek-
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TUBHOTO C)KUTaHMs JUCHEPTHPOBAHHOIO roprodero. MoKHO OKHIATh, YTO BBICOKAs
XHUMHYECKasi aKTUBHOCTB CPEIbI, KOTOPAasi JOCTUTAETCs 3a CUET aKTHBHBIX PaJHKalIoB
U aTOMOB, BO30YXIEHHBIX MOJIEKYJ] KHCIOpOJa M O30HA, YIydIICHHE B IIIa3Me
TPAHCHOPTHBIX MEXAHU3MOB IIEPEHOCA MAcChl U TEIMJA, CYIECTBEHHO IMOBIHUSET Ha
PEKUM U CKOPOCTb TOPEHUSI YACTUI] TOPIOYETO U TEM CaMbIM ITO3BOJIUT PEIIUTH aKTy-
anbHBIC 3a7a4dl MPeoOpa3oBaHUs TOIUIMBA B IHEPreTHYECKUX M TEXHOJOTHMYECKHUX
IIPUIOKEHUSX TOPEHUS JUCIIEPCHOTO TOILINBA.

OueBUHO, YTO BHEAPEHUE STON TEXHOJIOTUHM B MPOMBIIUIEHHYIO 3HEPTETUKY
TpeOyeT HaKOIUIEHHsI HOBBIX, PE’K/IE BCETO 3KCIEPUMECHTAIBHBIX, JAHHBIX ¥ 3HAHUH
0 IIa3MEHHO-CTUMYJIMPOBAHHOM TOPEHUU JUCIEPCHBIX CHCTEM B JJIEKTPUYECKHUX
paspsiiax pasnu4dHOro BHAa. i 3TOro HEoOXOIMMO COBEPIICHCTBOBAHHE HM3BECT-
HBIX U Pa3sBUTHE HOBBIX METOIUK OMNPENEIECHHUs OCHOBHBIX XapaKTEPUCTHK HEPABHO-
BECHOM IBLICBOU IUIa3MbI B 30HE TOPEHUS ILIAMEHM JUCIEPTUPOBAHHBIX KUIKOIO U
TBEPJIOT0 TOPIOYUX U pa3pabOTKH METOMOB MOMYUIESHUS U AUATHOCTUKH TaKUX IIaMEH
IPY HaJIMYUH BBICOKOBOJIBTHBIX Pa3psoB B rase.

Jnst a3¢pdexTrBHOTO BHEAPEHMS IIa3MEHHO-CTHMYIHPOBAHHOTO TOPEHUS JHC-
MEePCHBIX CUCTEM B IMPOMBIIIICHHBIE YHEPTETUIECKHNE CXEMbI TPeOyeTCsl TIATeIbHBII
TEOPETUYECKUI1 aHAJIN3 BIMSAHUS HOHU3ALMY INTAMEHN Ha KUHETHKY F€T€pOTE€HHBIX U
ra3o(ha3HbIX Peaklnii, BINSHUS JIEKTPHUECKUX 3apsi/iOB Ta3a U KOHACHCUPOBAaHHON
(ha3pl Ha MPOIIECCH! TEIUIO- MacconepeHoca. [loatomy, moTpeGyercst pa3paboTka HO-
BBIX (DU3UUECKUX MOJIEIICH, alTOPUTMOB M TIPOTPaMM JUIsl a[JIeKBaTHOTO OITMCAHMS Ta-
KHX MPOIIECCOB.
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Dispersed liquid and solid fuels combustion in an electrical discharge presence.

SUMMARY
The preliminary results of two-phase flame in the presence of high-voltage, high-
frequency electric discharges are presented. The investigations were carried out for liquid
and solid organic fuel dispersed in air, as well as a dust flame of metal particles. The strea-
mer discharge influence on gas-dispersed fuel combustion and flame condition stabilization is
investigated. The basic physicochemical mechanisms of a two-phase medium ionization effect
on the homogeneous and heterogeneous reactions kinetics together with mass-heat transfer

processes in nonequilibrium dusty plasma conditions during the single particles and aerosus-
pensions combustion are discussed.

Cmapukoe M. A., Xneonixosa M. €., Bynanin @. K., Cuoopos A. E.,
Ilonemaes H. 1. Illeguyk B. I.
I'opinHs AUCIEPrUPOBAHHOIO PiIAKOIO i TBEPAOI0 NAJMBA B MPUCYTHOCTI
eJIEKTPUYHUX PO3PsAdiB.

AHOTAINIA

B pobomi nasedeno nonepedi pe3yibmamu eKCnepumMeHmatbHuX 00CAI0HCeHb 080(paA3HO-
20 NOYM's pIOK020 | MBEepO020 OPeaHiYHO20 NANUBA SKe PO3NUTEHO 8 NOBIMPI, 4 MAKON4C Nu-
7106020 NOIYM 'St HACMUHOK MEMAie 6 NPUCYMHOC 6UCOKOBONIbIMHUX, BUCOKOYACOMHUX
eeKMpUYHUX po3pA0i8. [ocnioxHceHo enaue cmpumepHux pospaoie 6 2aszi Ha iHmeHcugikayirno
20pinHA | ymogu cmabinizayii 2azooucnepcrux cucmem. O62060pOMbCsL OCHOBHI (Pi3uKo-
XiMIuHi MexaHismMu enausy ionisayii 060ghasHozo cepedosuwa Ha KIHEMUKY 2OMOLEHHUX i 2e-
Mepo2eHHUX peaxyiti, NPoyecu Maco- MenionepenHocy 6 yMoeax HePI6HOBAJICHOT NU06OI hia-
3MU NPU CRATIOBAHHI NOOOUHOKUX YACMUHOK MA IX 2a30306UCIE.
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ExcnepumeHTaJIbHI 10CTiKeHHsI 0e3110JIyM'SIHOT0 TOPiHHS ra30BUX
cyMmineii 3 foMilikaMu amiaky, BOAHIO Ta alleTOHY HA IIATHHOBOMY JPOTUKY

TIpuBOISTECS eKCIIEPUMEHTANBHI JaHI 3aJIeKHOCTI TEMIIEpaTypy IIATHHOBOT HUTKHU BiJ CHIIH
CTPyMY B IIOBITpi IIpU HAsIBHOCTI B Hilf MaJuX JOMILIOK alleTOHY, aMiaKy Ta BOJHIO. [laHi 3aJIeKHO-
CTi MPOSIBIISFOTH TicTepe3ncHuil Xapakrep. [Ipu 3MeHIIeHHI CHIIM CTPYMY MOXKJIMBE CAMOBIJIBHE T10-
racaHHsi FeTepOreHHO-KaTalITHYHOT peakiii Yi CaMOMiATpUMYIOYe KaTaliTHYHe TOpiHHs. Temiepa-
Typa KaTaJliTHYHOTO TOPIHHS JOMIIIOK ra3iB MporopiiiHa X KoHieHTpaiii. [loka3zaHo, 4T0 KpUTH-
YHE 3HAYCHHS CHJIM CTPYMY, IO BiANOBiJa€e KaTaJiTHYHOMY 3aiiMaHHIO MAJIX JOMIILIOK BOJHIO, 3i
30LTBIICHHSM KOHIIEHTPAIT 301IbIIYETHCS 3 KOHIIEHTPALIEIO TOMIIIKH.

Beryn. Karamizatopu B QucliepcHOMY BHUIIAIL BiMirparoTh BHUKIOYHY POJIB B
JKUBIM MPHUPOJI: Maibxke BCl peakilii B KMBHUX OpraHi3Max 3aBASKH OiOJOTIYHHX KaTa-
J3aTOPIiB MPOTIKAIOTh 3 BEIMKOIO MIBUIAKICTIO [1]. B poMHCIOBOCTI MIMPOKE 3aCTO-
CyBaHHS OTpUMaJla MeTaliuHa TuaThHa [2].

KaraniTuuHe ropiHHs rasiB 3BHYalHO NpOTikae Oe3MOcepefHbO Ha IMOBEPXHi
TBEPANX KaTalizaTopiB 0e3 BiIKPUTOTO MOJIyM'st B ra30BOMY cepenoBuili. Came ToMy
TaKe TOPIHHS Ta3iB HA3MBAIOTh Oe3moryM'ssHuM. OTHAK MOJTyM's OiJish TIOBEPXHI KaTa-
Ji3aTopa MOkKe BHHHUKHYTH, SKIIO TEMIIepaTypa KaTali3aTopa ITiJBUIIUTHCSA IO TeM-
neparypu 3aiiMaHHs ra30Bo1 CyMillli 3 BUCOKMM BMiCTOM T'OPIOYOTro razy.

[puHIM Oi1 TEPMOKATATITHYHOTO ra3oaHalli3aTopa OCHOBAHUH Ha Oe3MOITyM 's-
HOMY 3TOpaHHI TOPIOYMX HA MOBEPXHI KATATITHYHOTO aKTHBHOTO CJIEMEHTY 1 BUMi-
PIOBaHHI KIIBKOCTI TEIUIOTH, IO BHAUIIETHCS, sIKa MPOTIOPIIiHHA KOHIEHTpaIi 10-
Mimiku rasy [3]. Takum MetooM dacTto BusHavawots BMict CO, H,, O,, NH;, CH,.

Haii6impIn BigoMuM MPUKIAIOM O€3TOIyM’ STHOTO TOPIHHS Ta3iB € JOCHTI «are-
TOHOBUH JIXTapUK», IO TPOSBISETHCS B CBITIHHI IONEPEIHBO MPOTPITOr0 MIiJIHOTO
YM IUIATUHOBOTO APOTHKA Y BHUIVISL CHipaii B KoJOl 3 HaJIUTHM Ha JTHO alleTOHOM.
CBiTiHHS TIPOJIOBXKYETHCA A0 THX IIip, TOKH HE 3aKiHIUTHCS BHUIIAPOBYBAHHS aIleToO-
HY, 91 HOTO KOHIICHTPAIil 3HM3UTHCS 10 MEBHOT KPUTHIHOI BETMYUHHA. SIKIIO IPOTHK
He 3BEpPHYTHH B T'YCTY CIipajb, TO B peaKlii He BUCTayae Teruia Jyuls KOMIeHcalil Te-
IUIOBTpAT.

B nmaniit poboTi BHOpaHO KaTaJIITUIHE OKUCIICHHS aMiaKy, alleTOHy Ta BOJHIO Ha
IUIATUHOBOMY JIPOTI, SIKE€ MOX€ MPOTIKATH BIAIIOBIHO /10 PiBHSHB!

C3HO (aueton) + 20, = CH;COOH (ouroa xucnota) + CO, + H,O +
+ 879 r/llic/monb;

NH, +%O2 L)NO+%HZO+ 226 k{orc/ monv
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NH, -|-%O2 —”—)%N2 +%H20+316I§ﬂ9fc/ﬂ40ﬂb;

H, +%02—”—>H20+2421<ﬂ:»c/ﬂ40ﬂb.

Meroro gaHoi poOOTH CTaja peai3allisi eKCIepUMEeHTaNbHOI YCTAaHOBKH AJIS Ki-
JIBKICHOTO OMHCAaHHS YMOB O€3MOIyM'SHOTO TOPiHHA Ta3iB Ha METaJeBHX APOTHKAax
Ta BU3HAYCHHS KOHIIEHTPAIi{ JOMIIIKHA TOPIOYOTO T'a3y B CYMIII.

ExcrniepuMeHTa/IbHA YCTaHOBKA. EXCriepuMeHTaNbHE MOCHTIHKEHHS 0e3Mmoiy-
M'STHOTO TOpPiHHS aMiaKy Ta amneToHY INPOBOIIUINCA Ha TOHKIM IUIATHHOBIA HHTII
(puc.l), mo sKii TPOTIKAae EICKTPHUYHHH CTPYM, IDIIXOM BHMIPIOBaHHS BOJIBT-
aMIIepHOT XapaKTepUCTHKH 1 cepeiHbOT TeMIepaTypy HUTKH. Taki BUMiptoBaHHs ¢i-
3UYHO OO0'€KTHBHI, ajle BUMararoTh, 5K i BCI TeMIIepaTypHI BUMIPIOBAHHS, CYBOPOTO

v/
_/ [ //
JTIC
4
HDH?WIB[IRO'IOC T
- Picotest 1
M3510g
|
A)S

Puc. 1. IlepBunnmii npuctpii: 1 — konba, 2 — mopyBatuii Marepiai, 3 — IUIaTHHOBA
HUTKa, 4 — pKepeno nocridHoro ctpymy b5-47, 5 — amnepmerp M890G, 6 — mynbTH-
BonbTMeTp Picotest M3510a, 7 — xomn'totep

o
5

Al

2%,

TR
L

R

AR

oY

o

..
(s
3t

Puc. 2. Cucrema nozmadi cyxoi ra30moBiTPsIHOI CyMIIII 3 JOMIIIKaMU TOPIOYOTO
ra3y: 1, 2 — emHOCTI 3 BOz010, 3 — poTamerp, 4 — konba, 5 — aneToH abo amiadHa BOJa,
6 — HarpiBad, 7 — TepMOMeTp, 8§ — ocymryBad (Heramene BamHo CaO)
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Puc. 3. ExcriepumenTanbHa ycTaHOBKA: | — GaJloH 3 BOJHEM, 2 — MOBITPSHHN KOMIIpe-
cop, 3 — penykropH, 4 — dineTpy, 5 — dineTpu lllora, 6 — kpanu, 7 — poramerpu, 8 — Ha-
cumnka, 9 — peakniitauit mocyx, 10 — muraTHHOBA HHUTKA, 11 — JHKEpENno MoCTifHOro CTpyMy
b5-47, 12 — mynbTuBONBTMETp Picotest M3510A.

BpaxyBaHHA BCiX (paKTOpiB, MO BIUTUBAIOTH Ha TEIUIOBHHA mporec. (s mporo Oyma
CTBOpEHA €KCIEPHMEHTaJbHA YCTAHOBKA, L0 BKIIIOUae B cebe: 1) excriepuMeHTab-
HUi crena (puc.l), 2) cucrema A CTBOPEHHS 1 MoJayi ra3onoBiTPsSHOI cymimi
(puc.2).

CucTema JIjIsl CTBOPEHHS 1 1OJIa4i Ta30TOBITPSIHOT CyMimi (prc.2) CKIaIaeThes 3
CIOJIy4EHHX ITOCYMH, TpPYOOK, BUTpAaTOMipa, OCyIIyBa4ya MOBITPs, CyAMHH JUIS Pian-
HH 3 9aCTKOIO TOPIOY0i PeYOBMHHM, HarpiBada. B cocyn HammBaeThCs Topioda pianHa
4¥ 11 BOISHUIA po3duH. BHACITIIOK BUITapOBYBaHHS HAJI MIOBEPXHEIO PiTUHU YTBOPIO-
€THCSl HACMYEHA Mapa SIK BOJM TakK i I1apu roprodoro razy. B paniit po6oti BUKOpHC-
TOBYBAJIUCS B KOJIO1 B SIKOCTI PifiMH, 1110 BUNApoBYyoThcs 10% BOAHMI pO3YHMH aMiaky
Ta 50% BOIHUI PO3UUH alIETOHY.

BimMiHHOIO 0COOJIMBICTIO alleTOHY SABJSETHCS TE, IO BiH IIBHIKO BUTIAPOBYETH-
csl 1 map JIOCTaTHBO LIBHMAKO CTAHOBHTBHCS HAaCHYEHHMM B HEBEIMKOMY pEakliiHOMY
00’emi. Tak mpu 20 °C THCK HacH4YeHOTO Tapy cTaHoBUTH 22.8 kIla. 3rimHo 3akoHy
Paynsa van 50 % BOIHUM pO3YMHOM aLETOHY TUCK HAaCUYEHOI'0 Napy CTaHOBUTH 11.4
klla, mo cknamae 12.5 06’emunx %. TUCK HACHYCHOTO Mapy aMiaKy HaJl TOBEPXHCIO
10% Bomnoro po3uuny npu 20°C ctanoButs 29.6 klla, mo cxinanae 29.6 06’ emuux %

HasBHicTs HarpiBaua /J03BOJIS€ 3MIHIOBaTH HE JIMIIE MIBHIKICTH BHIIAPOBYBAH-
Hs, ajie 1 KOHIICHTPAIIiF0 HACHUYEHOI Mapu HaJ piguHoro. Benmuka i Mana crosydeHi
MOCYANHH JI03BOJISIIOTH CTBOPUTH NPAKTHYHO PIBHOMIPHMII MOBITPSHMII MOTIK, IO
MOCTYTIA€ B IOCYMHY 3 HACHYEHUM IIapOM 1 BUXOJHTH, 30araTUBIINCH HUM, 10 peakx-
IiHHOT KaMepH, Jie 1 YTBOPIOETHCS peakiliiiHa CyMilll 3 MEHIIIO KOHIICHTPAIIIEI0 To-
PIOYOTro ra3y HaBKOJIO IUIATHHOBOT HUTKH.
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Bnok-cxema eKkCIepHMEHTaIbHOI YCTaHOBKH ISl JTOCTIIDKEHHS TeTeporeHHOI
peakii BOAHIO MpecTaBiIeHa Ha prc.3. ['a30Ba cyMilI NOBITPS 3 TOMIIIKaMA BOJIHIO
YTBOPIOBAJIH 3a JIOTIOMOTOI0 KOMIIpecopa 1 XiMiYHO YHCTOTO BOJHIO 3 OanoHy. Pery-
TS 1 3MiHa 00'eMiB Ta3iB BigOyBamacs 3a JOIMOMOTOI0 pOTaMETPiB, KPaHiB Ta ra3o-
BUX peaykTopiB. Iy HamiitHOT poOOTH pOTaMeTpiB ra3d OYHIIYIOTHCS IPH IIPOXO-
JUKeHHI rpy6ux ¢insTpiB Ta ineTpis IlloTa.

OTtpumMaHa CyMiIll IOAaBanacs B CKJISHY KoJIOy dyepe3 crenianbHy HACHIIKY JUIS
YTBOPEHHS CTalliOHAPHOTO TOTOKY.

OCHOBHHMH €JIEMEHTAMH YCTAaHOBOK SIBJISIFOTHCS PEaKIliifHi KOJIOH, 110 MpeacTa-
BIISIFOTH CO0OF0 3pi3aHi MaHOMeTpHuHi Jammu [IMT-2, siki B KOHCTpYKLii MIiTSTh Ia-
TUHOBY HUTKY. HarpiB IiaTHHOBOT HUTKH 3iHCHIOETBCS 3a JOIIOMOTOIO CTadiTi30Ba-
HOTO JDKeperna CTpyMy.

[IpoBeneHi excriepuMEHTaIbHI AOCHTIKEHHS! 3BOJMINCS O OTPUMAaHHS BOJBT-
aMIepHOI XapaKTEePUCTHUKHU TUIATHHOBOTO APOTHUKY 1 BU3HAUEHHS i CepelHbOl TeMIIe-
patypu B 3alaHHX YMOBaxX (KOHIICHTpAIlisi TOPIOYOI PEYOBHHH B Ta30Biil cymimii,
IIBUKOCTI IIOTOKY Ta30BOi CYMIiIlli, CHJIa HarpiBae CTpyMy i T. 1I.).

Mertonuka BUMIPIOBaHb MOJIATaa y BUKOHAHHI HACTYITHUX il

1. 3agaBaHHs KOHIIEHTpAIlii TOPIOYOTO0 ra3y B ra3oMoBITPSTHOMY ITOTOIII, IO Ha-
JIXOIUTH B PEAKIiIHY TOCYIUHY.

2. 3MiHa cTpyMy B JaHIF031 apoTy mpoBoauiocs Bix 0.01A no 0.8 A Ta B 3B0po-
THOMY HaIpsIMKy. BHUMipIoBaHHS NMaAiHHSA HANpyrW Ha KiHOAX APOTY BiAOYBaeThCS
MICNI KOXKHOTO KPOKY 30UTBIIEHHS CTPyMy 3a JOIOMOTOI MYJIBTHBOJIBTMETPA
(puc.1, 3), o0 M03BOJISIE 3 BHCOKOIO TOYHICTIO BHMIPIOBATH OJHOYACHO 1 30epiratu
3HAYEHHS CTPYMY 1 HaNpyry Ha KiHIAX APOTY.

3. IlpoBeneHHs BIMIipIOBaHb B aTMoc(epi, i IOBTOpEHHS MPOIIecy, ajlie BXKe 3 Ta-
30MOBITPSHUM TTOTOKOM, 1 TIOPiBHSHHSA ITUX TBOX 3HAYCHB.

st Toro, mo6 mepecBiAYUTUCH B TOMY, IO HAIl HATPIBaY SBJSIETHCS CaMe IUIa-
THHOIO, Ta TEPECBIIUYUTUCH y BiJICYTHOCTI BEJIMKOI KiJBKOCTI JIOMILIOK, SIKIi MOXYTh
BIUIMHYTH Ha Pe3yJbTAaTH EKCIICPUMEHTY, OyJI0 MPOBEICHO PEHTTCHOCTPYKTYPHHUHA
aHali3 IUIATHHOBOTO APOTHKY. PEHTIeHOCTPYKTYpHMI aHali3 IUIaTHMHH IPOBOAMBCS
Ha ycraHoBUi YPC-55A. 3iiomka mpoBoamnack Ha CuKo-BunpomiHioBaHHI (A =
1,452A) npu Hanpysi 45 kB Ta cuni ctpymy 15 MA o metony Je6as-Illepepa B ka-
Mmepi PKJI.

Penrrenorpama nokasaina, 1o JPOTHK, BAKOPUCTAHUIT B €KCIIEPUMEHTI SIBJISETh-
Csl TJIATUHOBUM, JOMIIIKH MO>KJIMBO 1 NPHUCYTHI, ajle BUXOJSYM 3 TOTO, IO Mepiof
PEIIITKY IIATHHE Ha PEHTIeHOTpaMi He 3MiHUBCS, 3 I[HOT0 MOXEMO 3pOOUTH BHCHO-
BOK, 1110 KUIBKICTIO JOMIIIIOK B HLOMY MOXHA 3HEXTYBAaTH.

3a JI0TIOMOTroI0 eNIEKTPOHHOT0 MIKpOCKOITy 0yJI0 NMPOBEJICHO BUMIpPIOBaHHS Aia-
METpy IUIATHHOBOTO JPOTHKY Ta HWOTo (UIyKTyamii B 3aJIe)KHOCTI BiJl JTOBXHHHU
(puc. 4a). B pe3ynbrati oTpHMao, Mo CepeHii aiaMeTp IIaHOBOTO IPOTHKA CKJIa-
nae 95 MxkM. OTpuMaHe 3HAUEHHS JyXKe BaXJIMBe, 00 HEOOXiHE /I MPaBHILHOIO
BU3HAYEHHS CEPEAHBOI TEMIIEPaTypH APOTHKA.

TakuM 9uHOM TUIATHHOBHU JApIT miameTpom d = 0.095 MM i goBxkuHOIO L = 56
MM MICTUBCS y BUIBHOMY HOBITPSHOMY HPOCTOpI B KOJIOi, B SIKY IOCTYNAIOTh Mapu
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SEMHV. 300K |
Viaw Bald: 206 pm

Puc. 4. 3HIMOK IIIATHHOBOTO APOTHKY @) IiJ ENEKTPOHHUM MIKPOCKOIIOM (CepenHii mi-
ameTp 95 MkM) Ta 0) IIpH KaTaTiTHIHOMY OKHCIICHHI Ta30MOBITPSHOI CyMiIl 3 TOMIIIKaMHU
rOpIOYOro razy

roprodoro razy. [Turomuii omip miatuan 1pu 0 © C cTaHOBHUTH Mg = 9.81 * 10-8 OM
M, a TeMItepaTypHuii koedirieHT omopy y = 39.1 - 10 1/K.

BukopucroByroun 4-X IpOTOBY CXeMy BUMIPIOBaHHsI ONOPY, OTPUMaHi IIpH Te-
Mmnepatypi nositpst 22.7 °C, 3 BUpaxyBaHHSIM OIOPY MiJIBIIHUX NTPOBO/IIB BUMIpIOBa-
nmpHOTO BosbTMeTpa 0.012 Om, omip miatiHOBOT HUTKH Rp = 0.853 Owm 1 omip mijaBi-
JIHUX TIPOBOJIiB BUMIpIOBAIBbHOI YCTaHOBKH Ry, = 0.12 Om.

AHaJi3 oTpuMaHuX pe3yJbTaTiB. [IpoBe/ieHI ekcriepruMeHTaNIbHI JOCHTI IKCHHS
3BOJWJINCS, B KiHIIEBOMY BHIJISII, IO OTPUMAaHHS BOJIBT-aMIIEPHOI XapaKTEePUCTHUKU
HarpiToro JpoTHKY (4b) i BU3HAYEHHS HOro cepesHbOl TEMIIEpaTypH B 3aJaHUX yMO-
Bax (KOHIIEHTpALlis FTOPIOYOro ra3y B ra3oBii cyMmilll, IIBUAKICT MMOTOKY ra30Boi Cy-
MIIITi, CHJIa HAaTPiBAIOYOro CTPyMY 1 T.J1.).

Ha puc. 5 Ta 6 npezacrasieHi 3aJIe)KHOCTI OIOPY 1 TeMIIepaTypH JPOTY BijJ CHIIU
HarpiBaro4yoro CTpymy B HOBITpi, alleTOH-NOBITPSHIA Ta amMiauHO-TIOBITPSHIN CyMi-
max. [Ipu 301JIbIICHHI 1 HACTYITHOMY 3MEHIIICHHI HarpiBarovyoro CTpyMy TeMIiieparypa
HUTKH B TIOBITPi HE 3aJICXKUTH BiJl HAPSMKY 3MiHU TapameTpiB nporiecy. Omip apoty
BU3HAYAETHCS BIANOBIAHO 10 3aKkoHY OMa 3 a0COMIOTHOIO TOXMOKOI0 BUMIPIOBAHHS:

U 2 2
R="Z-R,, AR=R[ 2] +[2YL] .
1 1 U

Cepennst TeMneparypa JIpoTy BU3HAYAETHCA 3 JIIHIHHOT 3aJIEKHOCTI OIOPY IPOTY
BiJl TEMIICPATYPH:

R=R,(1+y(T-T,)), R, =n0% =0.775 Om.
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Puc. S. 3anexnicTs omopy i CTarioHapHOI TEMIIEpaTypH IIIATHHOBOTO JPOTY Aia-
MmetpoM d = 0.095 MM i goBxuHOIO L = 56 MM B aMiauHO-TIOBITPSHOI CYMIIlli, BiJ] CHJIN
HarpiBalo4yoro CTpyMmy IpH Pi3HHUX 00'€MHHX KOHIICHTpAIlis AoMimku amiaky Y : 1)

2.5%, 2) 3.5%,. Temneparypa T, = T,, = 295 K. Burpara cymimi 6 em’le. KpI/IBé 1,2
aMiagHO-IIOBITPSIHA CYyMIII B ITOPSAKY 301TBIICHHS KOHIEHTPALi]
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Puc. 6. 3anexHicTs omopy i CTarioHapHOI TEMIIEpaTypH IIATHHOBOTO JPOTY Aia-
MmetpoM d = 0.095 MM i goBxuHOIO L = 56 MM B aIleTOH-TIOBITPSIHOI CyMIII, BiJ CHIIH
HarpiBarO4oro CTpyMy MpH Pi3HUX 00 ‘€MHHX KOHIIEHTpALisAX NOMIIIKK aneTony Y, : 1)
1) 0 (mositps), 2) 0.7%, 3) 1.1 %, 4) 2.0 %, 5) 2.8 %. Temneparypa T, = T, = 295 K.
Burpara cymiuti 6 cm’/c

3Bixcu Temreparypa ApOTy i aOCONIOTHA MOMMIIKA BUMIpPIOBaHHS TeMIepaTypu
BU3HAYAIOTHCS SIK:

IR
YR,

B moBiTpi 3 qOMiIIKamMu roprovoro ra3y (puc.6, kpusa 1) 10 IeSKOTO 3HAYCHHS
CHJIA HArpiBaloyoro CTpyMy JIPiT MOBOJUTHCS K iHepTHUH. [Ipu cwiti cTpymy, pi3HOT
JUIsL pi3HOT cyMmini BinOyBaeThCs pi3Ke MiBUILEHHS CTallioHapHOI Temrieparypu. 30i-
JBLICHHS BMICTY TOPIOYOTO a3y HE3HAYHMM YMHOM 3MEHIIYE KPUTHYHE 3HA4YCHHS
cHIM cTpyMy (puc. 5,0), ajie ICTOTHO BIUIMBA€E Ha PiBEHb TEMIIEpaTyp BUCOKOTEMIIE-
paTypHHUX CTaHiB.

[Ipu 3MeHIIeHH] CHIM CTPyMy B PEKMMI KaTaliTHYHOTO TOPIHHS ICHYIOTH J1Ba
MOJKJIMBHX BapiaHTH B 3aJIGKHOCTI BiJI KOHIICHTPAIIlii TOpIOYOro raszy: 1) caMoBiTbHE
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Puc. 7. 3anexxHICTh HANPYTy Ha KiHIX IJIATHUHOBOI HUTKH 1 ii OMOpY Bif KBaapaTy CHIIU
cTpyMy (pexum cTadinizalii Cuiii cTpyMy) IpH BiJHOCHIN MOJSIpHIi(00’€MHIN) KOHLIEHT-
pauii BozHio 1) 1%, 2) 1.3%, 3) 2%, 4) 2.75% u 5)3.3%. llIBuaxicts 0OTIKaHHS HUTKH CY-
mimo 2.5 cm /c. Temneparypa cymimn 294K. JloykiHa MIaTHHOBOI HUTKU 5.8 cM, mia-
MeTp 95 MKM

Tour: K a T, A b
1050 | 0,7 -
L}
. 0,65 -
950 L4 . :
[ . 06 - . .
850 L] o 055 -
L]
750 . 05 * *
s : y .
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[} : . .
550 H ¥ 035 | a
Hov, %0 }H2\', %0
450 . : . : : 03 T ; ; : |
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Puc. 8. 3aBucuMocTs TeMIepaTyphl KaTaTUTUIECKOTO TOPEHHUS M KPUTHIECKOTO 3HAYCHUS
CHJIBI TOKa CAaMOBOCIUIAMEHEHHSI OT KOHIICHTPAIlMM MPUMECH BOJOPOJA MPU OTHOCHUTENb-
HOM MOJIIPHOH KOHIeHTpauuu Bogopona 1) 1%, 2) 1.3%, 3) 2%, 4) 2.75% u 5)3.3%. Cko-
pocTb obtekanusi cmecu 2.5 cM /c. Temneparypa cmecu 294K. J[nnHa miiaTHHOBOW MPOBO-
soku 5.8 cM, nuamertp 100 Mkm

TOTacaHHs — 3BOPOTHUH CTPHOOK Ha HU3BKOTEMIIEPAaTYPHHUH PEXUM MpH OLIBII HU-
3bKOMY 3HAYCHHI CHJIM CTpYMY (pHC.5, kpuBa 1) 9u 2) caMOMiATpUMY0UYe KaTaliTHY-
HE OKHCIICHHS IIPU BUMKHEHOMY cTpyMi (pHc.5, kpusa 2; puc.6, Kpusi 2-5).

ATIETOH JIeTKO 3aiiMaeThes. Temreparypa Woro camosaiiManHs piBHa 738 K
(+465 C). ositpstHi cymimTi, mo MicTATh Bix 2.5 % mo 12.8 % (1o 00'emy) BuOyxo0-
HeOe3neuHi. ToMy Ha BHCOKOTEMIIEpaTypHild TUILI BOJBTAMIIEPHOI XapaKTEPUCTUKU
MOYHa CIOCTepiraTi 3aiMaHHs aleTOH-NOBITPSHOI CyMilli MoOJIM3y Karaji3aropa,
II0 CYTIPOBOJUKYETHCS 3BYKOBHM €(PEKTOM.

Sk mokazano B [4] mianma3oH KOHICHTpAIlH aMiaky MpH SKOMY MOIJIHBE CaMoO-
BUJIbHE IOTacaHHs IeTepOreHHOI KaTaliTWYHOI peakiii Ha HarpiToMy Karaji3aropi
HeBeNMKHiA: 1.5 — 2.3 MmacoBux %. JI71s alleToHy BiH 1€ BYXKIHIA.
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AHaJOTIYHI SBHINA CIIOCTEPIrarOTHCS 1 MPU KaTATITHIHOMY OKHCJICHHI ra3oro-
BITPSHOI CyMIiIlli 3 JOMIIIKOIO BOJHIO Ha IDTATHHOBIHM HUTHI (puc. 7). BeepenunHi ric-
Tepe3UCHOI MeTi (MpH cuiax CTpyMy MEHIIUX 33 KpUTHUHI / < [;) epexia Ha BUCO-
KOTEMIIepaTypHY TIIKY BiIOYBA€THCS, SKIIO IMOYATKOBA TEMIIEpATypa APOTY BHIIE
KPUTHYHOI TEeMIIepaTypH 3amaioBaHHs [5]. UnM Ounble criia cTpyMmy, THM MEHIIE
MOBUHHA OyTH IMOYATKOBA TEMIIEpaTypa 3alalioBaHHs.

ITpu 3meHmenHi koHnenTparii 10 0.75 06'eMHNXx% BOAHIO BiTOYyBa€THCS BUPO-
JOKEHHS TICTepPe3MCHOI 00IacTi Ha 3aJeKHOCTI CTAaliOHApHOI TeMIeparypH (Omopy)
KaTaJrizaTopa BiJ CHITH CTPYMY.

Ha puc. § noka3zaHo BIUIMB KOHIEHTpalii BOAHIO B CyMIIlli Ha KPUTHYHE 3Ha-
YeHHs CHITH CTPYMY CaMo3aiiMaHHS Ta TEMIIEpaTypy KaTaliTHIHOTO TOPIHHS JOMIIII-
KM BOJIHIO B ITOBITPi Ha IIATHHOBIM HUTII.

Croctepiraerbcs JiiHifiHE 30UIBIIEHHA TeMIIEpaTypH KaTaJiTUYHOIO TOPIHHS
JIOMIIIIOK BOJHIO 31 3pOCTaHHSIM KOHIEHTpalii ra3oBoi gomimku (puc. 8a). Lle mo-
3BOJIsIE 0araTopa3oBO BHKOPHCTOBYBATH IUIATWHOBY JAPIT SK IIEPBHHHOTO IIEPETBO-
proBava B TEPMOXIMidHOT CEHCOPI.

IToMiTHOIO BiAMIHHICTIO BiJ MOMEPEIHIX PE3YyIbTATIB € HEe 3MEHIICHHS CIIN
CTpyMy IIPH KaTaIITHYHOMY 3aliMaHHI BOIHIO 3 POCTOM KOHIICHTpAIIil, a MOBHICTIO
HaBIaky, To0TO 30imbIIeHHS (pic.8b). Mo)kHA BiI3HAYUTH ICTOTHHH PO3KHI OTpH-
MaHUX KPUTHYHUX 3HAYCHb CHJIM CTPYMY, IIPOTE, B IEBHOMY IHTEpBali 3HAUCHb CHJI
ctpyMy. [Ipu BUKOHAHHI AOCITI/IIB MIJIATUHOBA HUTKA HE MiJAaBajacs J0AaTKOBiHA 00-
poOIIi TICIIA KOXKHOTO 3 TOCIiAiB. TOMy OTpHMaHI pe3y/bTaTH B MIEPIIY Yepry MOKHA
MOSICHIOBATH 3MiHOIO BJIACTHBOCTEH MOBEPXHI INTATHHOBOTO JPOTY TPH 1l HArpiBi 10
BUCOKHX TeMIlepatyp i 1 CriKaHHi.

BucHoBku. TakuM 4MHOM, Ha OCHOBI NMPOBEJECHUX EKCHEPUMEHTAIBHUX JOCIi-
JUKEHb TI0Ka3aHa peaizallis 6e31oxyM’sTHOro TOpiHHS MaJIUX JIOMIIIOK alleTOHY, aMi-
aKy Ta BOJHIO B IOBITPI Ha TOHKiM IUIATUHOBIA HUTII B pe3yibTaTi I HarpiBaHHS
SJIEKTPHYHNM CTpyMOM. [lokazaHa JiHIlHA 3aJIeXHICTh TEMIIEpaTypH IUIATHHOBOI
THUHKU B PEXKHMMI KaTaJlITHYHOTO GE3I10yM STHOTO TOPiHHS BiJl KOHIIEHTpALT roprovo-
ro rasy Ta MOXJIMBICTH il BUKOPHCTAHHS B SIKOCTI pOOOYOro elleMeHTy ra3zoaHajiza-
TOpa 6e3 MmomnepeHF0T 00POOKH MOBEPXHI.
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Kanunuaxk B. B., Yepnenxo A. C., Cukopckuii M. B.,
bpumaeckuii E. B., Cmykanoe C. A.

JKcnepuMeHTAIbHbIE HCC/IeJ0BaHUs 0eCIIaMeHHOI0 TOpPeHMs ra30BbIX cMeceil
¢ mMpuMecsiMH aMMHAKa, BOAOPO/Ja U alleTOHA HA MJIATHHOBOH MPOBOJIOKe

AHOTAIIA

Tlpusoosimea sKcnepumenmanvHvle OAHHLIE 3ABUCUMOCTIU MEMNEPAmypsl NAAMUHOBOU
HUmMU Om CUnbl MOKA 8 6030yXe NPU HANUYUY 6 Hell MAblX npumecell ayemond, ammuarka u
6000po0a. [lannvie 3a8UCUMOCIU NPOAGIAIOM 2Ucmepe3ucHvlil xapakmep. Tlpu ymenvuienuu
CUbL MOKA 603MOJICHO CAMONPOU3BOJIbHOE NO2ACAHUE 2eMepPO2eHHO-KAMAIUMUYECKOll peak-
yuu unu camonodoepacusarowee kamaiumuyeckoe eopenue. Temnepamypa Kamaiumuyecko-
20 2opeHus npumecell 24308 NPONOPYUOHATbHA ux Konyenmpayuy. Ilokazano, umo kpumuye-
cKoe 3Ha4eHue CUibl MoKa, COOMEencmeyroujee Kamaiumuyeckomy 60CHAAMEHeHUI0 MAblX
npumeceli 6000pooa, ¢ yseaudenuem KOHYeHmpayuu y8enudueaemcs ¢ KoHyenmpayuel npu-
mecu.

Kalinchak V. V., Chernenko A. S., Sikorsky M. V., Brytavsky E. V.,
Stukalov S. A.
Experimental studies of the flameless combustion of gas mixtures with
impurities of ammonia, hydrogen and acetone on a platinum wire

SUMMARY

Platinum filament temperature dependence via current in the air, considering small ace-
tone, ammonia and hydrogen impurities presence experimental data is presented in the paper.
These dependencies exhibit hysteresis. With a decrease in current, spontaneous extinction of a
heterogeneous catalytic reaction or self-sustaining catalytic combustion is possible. The tem-
perature of the catalytic combustion impurity gases is proportional to their concentration. It
is shown that the critical value of the current, corresponding to the catalytic ignition of small
hydrogen impurities, increases with concentration of the impurity with increasing concentra-
tion.
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YK 536.46

Bynanun @. K., Cuoopos A. E., Kupo C. A., Ilonemaes H. U., Lllesuyk B. I.

OHY um. U.1U. Meunuxosa, Hncmumym 2opeHus u HempaouyuoHHbIX MexXHOL02UlL

Kpnanecxne yci10BUS BOCINIAMECHEHHU A T'a30B3BECH JHEProeMKHUX coeTHHeHNH

Bop siensiemest nepcnekmughbiM 8eujecmeom @ Kavecmee IHepeoeMKol 000a8Ku K paKem-
HbIM TONIUSAM, OOHAKO UMES BbICOKVIO MeMNepamypy 80CHIAMEHeHUs, Modcem Gblmb uc-
nOIL306AH 8 cocmage coeOuHeHuil ¢ Memaniamu — bopuoax. Peanusayus nomenyuanoHvix
603MOJICHOCEI HOPUOOE MEMATILO8, BO3MOICHA 8 YCILOGUSAX, 0OECReUUBAIOUUX UX 60CTIAME-
Henue. B oamnotl pabome 6viiu nposedenvl meopemudecKue UcCcie008aHus Npoyecca 80c-
naamenenus 6opudos MgB,, TiB; u ZrB; na ocnosanuu modenu ons 2emepozennvix cuc-
meM ¢ napanieibHbIMU peakyusiMu. AHAIU3 NOKA3aL, Ymo 60CNIAMEHEHUe MONCEMm NPOUCXO-
Oumv 6 MeNnIOKUHEMUUECKOM, OO 6 MmepMOKuHemuueckom pescume. Ilonyuensl coomnoute-
HUsA 018 pacyema npeoenog 60CHIAMEHeHUs U 86e0eHd YCIOBHA PAHUYA CMeHbl npeobia-
0arowux MeXaHU3MO8 BOCHIAMEHEHUS.

Beenenne. OnHuUM M3 IyTell COBEPIICHCTBOBAHMSA NMUPOTEXHUUECKUX CHUCTEM
Pa3IMYHOrO HAa3HAYEHMS SIBJISIETCS] YBEIMYEHUE SHEPTOEMKOCTH TOIUIMBHBIX KOMIIO-
3unuii. [lepcrieKTHBHEIM TOPIOYNM C 3TOW TOYKH 3PEHUS SBIIICTCS MMOPOIIKO0Opas-
HBIIT OOp, ycTynawooumuii 1o 00beMHON KalTOPUHHOCTH TOJIBKO Oepwilinio. B oTinune
OT HALEAIUX IIUPOKOE NPUMEHEHHE B PAKETHBIX TOIIMBAX AJIOMUHMS M MarHus,
60p sBNIAETCS TPYTHOBOCIUIAMEHSEMBIM U OTHOCHUTEIHHO MEAJIEHHO TOPSIIUM JJie-
MeHTOM [1 — 4], uyTOo BieyeT 3a cO00i HEOOXOAMMOCTh BBE/ICHHS B TOIUIMBHYIO KOM-
MO3UILHUI0 MHUIIMATOPOB €0 BOCIUIAMEHEHUs (IPeXJIe BCEro aJlOMHUHUS M MarHUs
[5]). D10 0b6CTOATENHCTBO, MOHATHO, CHIDKAET KaKk MacCOBYIO, TaK M OOBEMHYIO Ka-
JIOPUHHOCTH TAKOTO THOPHIHOTO TOPIOYETO B CPABHEHUH C 3JIEMEHTAPHBIM OOPOM.

IlepcneKTUBHBIM B 3TOM IUIaHE MOXKET OKa3aThCs UCIOJIb30BaHHE OOPHIOB Me-
TaJUIOB, MOJTY4aEMbIX, B YACTHOCTH, METOAOM CaMOpPacIpOCTPAHSIOLIETOCS BBICOKO-
TEeMIepaTypHOTro cuHTe3a. ECTeCTBEHHO, UTO U B 3TOM cllydae 0OBbeMHas KaJOpHii-
HOCTb Toproveii KoMno3unuu OyJeT Hke 00beMHOM KallopuiHHOCTH 60pa, HOCKOIb-
Ky 4acTh TeIula Oy/eT MOTepsiHa elle B Ipoliecce CUHTe3a. Bmecte ¢ TeM, yBenu4uT-
cs (B CpaBHEHHH C MEHee IUIOTHBIM 00pa3oBaHHEM M3 MEXaHHIECKOH CMeCH IOpOI-
KOB OOpHIa M aKTHBATOPa) INIOTHOCTH Noaydaemoro MetogoM CBC coenuHeHus, 9TO
MOXeT IaTh d3QQPEKT yBETHMICHUS YHEPTOEMKOCTH roprouero. ViIMeroTces: CBUIETEIbCT-
Ba, YTO OOPHABI METAJUIOB TIEPCIIEKTHBHEI B Ka4eCTBE T00ABOK K TBEPIBIM PAaKETHBIM
ToTuMBaM [6, 7, 8].

Peanu3zamnus 3TuX NOTEHIUATIBHBIX CIIOCOOHOCTEH BO3MOXKHA TOJIBKO B YCIIOBH-
sIX, 00ECIIeYUBAIOMINX X BOocIlaMeHeHue. [loaToMy nmepBoodepesHoit 3aaaueit sSBisi-
€TCSl TEOPETHUYECKOE M SKCIEPUMEHTAIbHOE HCCIEN0BAaHUE KPUTHUYECKUX YCIOBUH
BOCILIAMCHEHUSI OOPHUIOB B CPABHCHUH C TAKOBBIMH JIJIsl ICXOIHBIX KOMIIOHEHTOB CO-
eanHeHns. B maHHOI paboTe pH TEOpEeTHIECKOM HCCIIeTIOBAaHNH B KadecTBe 0a30BOit
MOJICIIM UCTIOJB30BaH MoAX0 [9], pa3paObOTaHHBIN IS TETEPOTeHHBIX CUCTEM C IIa-
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paIeTbHBIMU PEAKIMSAMH, XOPOLIO 3apEKOMEHIOBABIIMH ce0s IPH pacdeTe mporec-
COB BOCIDIAMEHEHUS YacTHuIl kapOuma 6opa [10]. DxcnepuMeHTaIbHBIC UCCIICIOBAHIS
MIPOBOIUIIMCH IO METOIUKE, MpensioxKeHHou B [11].

Marepnajbl ¥ METOAUKH HccaeqoBaHusA. [Ipy NOCTpOEHUH TEOpEeTUYECKON
MOJICNTH, ONHUCHIBAIONIEH IpollecC BOCIUIAMEHEHMS a’3pOB3BECH YACTHI[ OMHAPHOTO
coeauHeHus MeB, (Metamn Me B 4uCTOM BHJE OKHCISIETCS MO JTMHEHHOMY 3aKOHY)
Oynem nonarats:

1. Oxucen MeO okanuHbl He 00JaNaeT 3alllUTHBIMH CBOHCTBaMH, T.e. AU(PPy3u-

OHHOE COIIPOTHBJICHUE OKAIMHBI CIDIaBa CO3JACTCs CJI0eM OOpPHOTO aHTHApHUIA
(xputepmii [Twummara-bensopca f = 2,46). Oxucinel MeO u B,0O; He B3auMmo-
JEUCTBYIOT OPYT C APYTOM.

2. [lons MOBEpXHOCTH YaCTHIIBI, 3aHUMaeMasl KaXKIbIM H3 KOMIIOHEHTOB, IIPOIIOP-
HOHANIFHA X MOJBHOMH moiie B cruaBe. CozeprkaHue Oopa B CIUIaBe JI0CTATOY-
HOe, 4YTOOBI OOecrednTh 00pa3oBaHME CIUIONTHOTO 3amfuTHOro ciost B,0s.
B+0, - B,0, —» B,0}

3. OOpa3oBaHHe KOHEYHBIX IPONYKTOB pearupoBaHus MeB, ommcriBacTes cremy-
IoLIEl cXeMOoHu:

W'

B.0O; —— Bzog

Wi
MeB, +0, T

I/Vz MeO

e W, -ckopocTh ucnapenus B,Os.

Ckopoctu obpazoBanust B,O3; (W) u MeO (W;) MOTYT OBITh MPEICTaBIICHBI B
Buze [11] (mpereOperaeTcss BRITOpaHUEM TOPIOYETO W OKHCIHTENS 3a MpeABOCIIIaMe-
HUTENbHBINA IEPUONT):

v,Co, v, G5, Yo _E
1 1 ’ ’
+ +
ok, eyl 1+ 0,K, go,K, £ GK

1+t
oK, 0,K,

VVI:

T7€ G; — J0Jsl IOBEPXHOCTH CIUIaBa, 3aHUMaeMast i-M JIEMEHTOM; ¥, — KOHCTaHTa CKO-
(v} o0
poctu updysuu yepes cioii okucn B,Os; & — nocrosuuas I'enpu; €, — maccosast

KOHIICHTPAIHS OKHUCIUTENS B 00BEMe adpOB3BECH; k; — KOHCTAHTHI CKOPOCTH XHMHU-

YECKHUX PeakIfii 0Opa3oBaHUs OKHCIIOB; V; — MAacCOBBIE CTEXHOMETpPHUYECKHE KOd(]-

(DUITMEHTHI 110 OKUCIUTEII0; HHICKCHI: 1 — peakius okucieHus B, 2 — Bemectsa Me.
Hcnapenue sxunakoit okucn B,O; MoxkHO hopMaIbHO MPEICTaBUTh B BUIIE PEak-

1y ¢ TernoBbM dddexrom L (L < 0) u ckopoctbio W, ~ Aexp(—%j, HpOTEeKaro-
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1Iel ociIeoBaTeNbHO ¢ peake OKUCIeHus: B n npuBosiiel K y1aleHuIo OKUCH
B203.
4. TerutoBBIM BIHSHHEM PEaKIUH Pa3JIOKEHUs OMHAPHOTO CIUIaBa Ha DJICMEHTEHI,
TpaJInCHTOM TEMIIEPATyPHI [0 PaTuyCy YacTUIBI U cTe()aHOBCKUM TIOTOKOM 0y-
neM npeHeoperats [13].
5. Temmnepatypa ra3a oJuHaKoBa MO BceMy 00beMy 00JaKa, 4aCTHIIBI CIUIaBa UMe-
0T OJIMHAKOBYIO TEMIIEpaTypy, pa3Mep W paBHOMEPHO PacIpeieieHbl o 00be-
My cocyza, TeMIepaTypa CTEHOK KOTOporo nocrosHsa. C y4eTom 3THX yHpo-
ieHui, 0e3pasMepHas CHCTEMa YPABHCHHi, OMUCHIBAIOIIAS TEIUIOBOU PEXUM
pearupoBaHusi a3POB3BECH YACTHI] CIUIABA OyET UMETh CICIYIOLIHN BUI:

a8 _ 1 Lo 5

dt - B(ay ) _ad g
1+B6 1+B6 1
— 11+ fie + f,e

2P0

+q2v2. 1 0-0

0(a—ay) N
\%
Vi z 1 B0 |y L o 1+BO

T
il i M
d8, B 6-6, B 6 -6
dt 1-B Q 1-B AQ
ab
LA 1
dT z 0(a,—ay) a®
- 1+fie 1+B6 +f‘2@ 1+B6
o0

_ a0

C HauaJIbHBIMU ycinoBusiMu 0=0,, z, = %, 0,=0,,

rIe
E h E [0) RT,
= T-T. 5 Z=—Y, ai:—’; a=—; =

RY:?( ) hHY E A

t 3EvigisCox(Th,) O- qQEEC, (T h,)

0

Ty GRT’r; 7 (a+4ec’T) )R
_ok(T0)
ok, (T)

' 2
__ W@, P B MNu [R_] 5. C

CVECUTL) T p, 1-B Nu C,+p,

T. - uckomas temmeparypa; 7, - HaajbHasi TEMIEPATypa CTCHOK; P, - INIOTHOCTH

. 2
xT.h) _ n oRT’ p | @

s Y=, B
yclkl (T; ) 3hn QIE pmc

/i 1=

TBEpIOHl (a3pl M raza COOTBETCTBEHHO; L - yaenpHas TEIUIOTa UCHApEeHMs; ¢, -

yZebHAs TEIIoTa XMMIUECKOH peakmuy; ¢ — mocTosiHHas CredaHa-BosnMaHa;
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C, — KOHIIEHTpaIWs TBeP/IOii Baskl; /i, — HAYANLHAS TOIIMHA OKCUHOM IUIEHKH; C,

— TEeIJIOeMKOCTh 4acTull O6opa; Nu — uucino Hyccenbra 11 cepuueckux HacTHIL
Nu,,, — uucno HyccenbTa Ha cTeHKax cocyna, paBHoe 4 [11]; R, — panuyc peakuu-
OHHOMU TPYOBI; 7, — PaJlyC YaCTUIIBL

3mech mepBOe YpaBHCHHE OIMCHIBACT TEMICPATYpHYIO TUHAMHUKY YAaCTHIH,
BTOpOE — ra3a, TpeThe — TOJIIUHEI OKucH B,0; Ha wactune. 6, 6., z, T — 6e3pa3MepHbIe
TeMIlepaTypa, TONIINHA ci10si okucu B,O; U Bpemsi COOTBETCTBEHHO. be3pasmepHbie
nmapameTpel Q, o, f, y, a, A, B — W3BECTHBI U3 TCOPWUH BOCIDIAMEHCHHUS METAJLIOB
[10,14,15]. OcrampHble Oe3pa3MepHBIC TMapaMeTphl OOYCIABIMBAIOTCSA JaHHOW ITO-
CTAaHOBKOM 3a/lauM M XapaKTePU3YIOT OTHOIIEHUE CKOPOCTEH XMUMHUYECKUX peaKlni
OKHCJICHUSI KOMIIOHCHT TPU MAacCIITaOHOW TeMIepaType — f;, OTHOIICHUE CKOPOCTEH
muddysun gepes crioit B,O; k ckopoctu ero o0pazoBaHus — f> U pa3Iiune B TEMIIC-
paTypHBIX 3aBHCUMOCTAX Kod(dunnenTa aud dy3mn gepes cioir B,O; u ckopoctu ee
obpaszoBanus (a;) 1 ckopoctu odpazoBanust MeO (a;).

CpaBHuBast cucteMy ypaBHeHHit (1, 2) ¢ CHCTEMO, OIMMCHIBAIOIICH BOCIIIIaMe-
HEHHE METAJUIOB C JIETYYUMHU IUIEHKaMH npoaykTos [10,14], oTmeTuM psia oTauyui.
Bo-nepBeIX, IpoTeKaHus NapajuleNbHON PEeaKklMK OKHMCICHHS 3JeMeHTa Me ciasa
MIPUBOJUT K MOSBIEHUIO ciaraeMoro B (1), OMMCHIBAIOMIEr0 CKOPOCTh TEIUIOBBIIENE-
HUS 3TOH peaknun. Bo-BTOPEIX, CKOPOCTH IPOLIECCOB OKHUCICHUS 000MX KOMIIOHEHT
CIUTaBa 3aIMCAHBI ¢ YYETOM KaK KHHETHYECKOTrO, TaK U Au((Y3MOHHOTO MO IUICHKE
okucu B,0; comporuBnennii okucnenuro. 1, HakoHell, Ipy NPOTEKaHUU Napajuielib-
HBIX PEaKIHUi, BCICACTBUE B3aUMHOTO BISHUS PEakIWil IpyT Ha Opyra, BO3MOYKHO

3aMCIJICHUC OHHOﬁ M3 HHUX, BBI3BAHHOC IMPOTCKAHHUCM z(pyrofx'l Taxue a(b(l)eKTBI Xa-
0 O(ay—a)) 0 8(a—ay)

aKTepmyeTcs ciaraeMeMu ze P fe P - mpu oxuciennu B n ze '*P® 1+po
1

1
—e
1

IIpY OKUCJIEHUU d1eMeHTa Me.

XapaxTepHOl 0COOEHHOCTBIO pearupoBaHUsI TAKOE CUCTEMBI SIBIISICTCSI HAINIUE
CIIOKHOM 00paTHOM cBsi3u. Ha mapasiensHble peakiiu OKHUCIIEHUs: KOMIIOHEHTOB B 1
Me nHaxmajgbelBaeTCa MOCIENOBaTENbHbIN Mporecc ucnapeHus B,0s;, okaspiBaromuit
KakK TEIUIOBOE, TaK W KUHETHYECKoe (depe3 TonmuHy ciosi B,Os) BiusHue Ha cyMm-
MapHYIO0 CKOPOCTB IpoLECca.

Pemenue (1), ynoBaeTBopsiroliee HaualbHBIM YCIOBUAM, JODKHO HUMETh BUJ:

0= 6(1, Qo f, fha,a,a,0,,0,4,8,z, B)

z= Z(‘E, Qo f, fa,a,a,0,,0,4,8,z, [3)

0,=0.(t,Q 0,1, f,,a,,4,a,6,,6,, 4,B,z,,B)
Jaroniee Oe3pa3MepHbIE TEMIEpaTypbl YacTHIBI, Ta3a M TOMMMHY ciost B,O; kak
¢yHKIMU OT Ge3pa3MepHOro BpeMEHHU C TpHHaIuaThio napamerpamu. Kak u B [10,
14, 15], BnmusiHne napameTpos f, 6,, z, Ha KPUTHYECKHE YCIIOBUS BOCIUIAMEHEHUS He-
3HAYUTENBHO, YTO MOATBEP)KAACTCS YUCICHHBIM MHTErPHpoBaHKeM (1) B MIMPOKOM
nuanasone m3Menenus 6, (ot -10 mo 0), z, (y ~ ot 20 10 200) u B (B < 0,1) u B manb-

HelfimeM paccMmarpuBaThesa He Oyzner. Ponb mapaMeTpoB o U a IpU IPOTEKaHUU IIO-
ClefoBaTeNbHBIX peakiuil yxe paccMmaTpuBanach [10, 12]. ABTOpsI OTMEUar0T BO3-
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MOJKHOCTh CYIIECTBOBAHHUS JBYX MEXaHH3MOB BOCIUIAMEHCHHS B 3aBHCHMOCTH OT
COOTHOIIICHHUS CKOPOCTEH IMocieIoBaTeNbHBIX cTafauii (). Ecim ckopocts ucapenus
B,0O;B xo/ie pazorpeBa 4acTHIl CTAHOBUTCS OOJIbIIIE CKOPOCTH €€ 00pa3oBaHMUsI, BO3-
HHUKAEeT JIOTIOJIHUTEIEHOE YCKOPEHHE TIePBOH CTaIUH PeaKIIuH
B+0, > B,0, > B,0;

— KHHETHYECKUI MEXaHM3M caMoycKopeHus. [1oaTomMy, BocIuTaMeHEHHE MOXKET TPO-
HCXOIUTh MO0 BCICACTBHE CPbIBA TEIUIOBOIO PABHOBECHS MU HAKOIUICHUHU HA II0-
BEPXHOCTH YacTHI] 3alUTHOH okuch B,0; (0 << 1), mubo B pe3ynbTaTe B3auMomei-
CTBHA 000HX (PaKTOPOB — TEITIOBOTO W KMHETHUECKOTO CAMOYCKOPEHHS, KOTJla pe3-
KO€ YBEJIIMUCHHUE TeMIIEpaTyphbl CUCTEMBI, HEPA3PhIBHO CBsI3aHHOE C HApYIICHUEM Te-
IJIOBOTO PaBHOBECHS, COBMAAET C yIAJICHUEM 3allUTHON okucH B,0Os5 (0 >> 1). Ilep-
BBl M3 YKa3aHHBIX MEXaHM3MOB BOCIUIAMCHEHHS HA3bIBAIOT TETUIOKWHETHYECKUM,
BTOPOI — TEPMOKHHETHYECKUM.

JI1s TEeTIOKMHETHYEeCKOro MeXaHu3Ma BocIlaMeHeHus (® << 1) umeeT MecTo
CYIIECTBEHHO HECTAMOHAPHBIN PEXXUM PearnpoBaHMs, AJIs1 KOTOPOTO MPH OTMCAHUH

SaKOHOMCpHOCTeﬁ BOCIINITAMCHCHUA POJIb HpOHBBOZ{HOﬁ d%l”f BCJIMKA, a CTallMOHap-

HBIE TIOAXOMABI JUIA HAXOXIEHHS KPHUTUYECKUX YCIOBHUM OKa3bIBAIOTCS Helpuemile-
Mbimu [ 10]. s TepMoKuHETHYECKOTO (0 >> 1) BOBMOXKHO YK€ CYIIECTBOBAHUE KBa-
3MCTallMOHAPHOTO PEXHMMA, YTO TMO3BOJIIET NPUMEHUTh METOIBI CTALHIOHAPHOMN T€O-
PHUH AJIS OTBICKAHUS KPUTUIECKUX YCIOBUM BOCIIIIAMEHEHUSL.

IMockonbky 6e3pa3MepHble TapaMeTphl © U a Uil ciulaBa MeB mo nocraHoBke
3a/1a4d COBMAJacT ¢ BBeAeHHBIMU B [10,14], To OymeM cuuTarh, 9TO W JUIS TIOCIEIO-
BaTENNbHO-NIAPAJUICNIBHBIX peaknuii (1) pois mapaMeTpa @ B ONpeJeIeHIN MEXaHU3Ma
BOCIIJIAMEHEHUS COXPAHSETCSL.

Hcxons U3 KauyecTBEHHBIX OCOOCHHOCTEH OKHCIIEHHS U BOCIUIAMEHEHHUs Hccie-
JIyeMBIX CIUIaBOB, Hac OyJIeT MHTEPECOBATh BIMSHUE PEKMMOB PEAKINI OKHCICHHS
KOMIIOHEHTOB (MapajUledbHbIX CTaJuil) HA TEPMOKMHETHYECKUI MEXaHH3M BOCIUIA-
MEHEHUsI, U I03TOMY OyzAeM mosarats: @ >>1,a > 1.

IMpwn anammze (1, 2) OyaeM cuuTarth paBHBIMH TEMIIEPATYpPy YacTHII, Ta3a B Ha-
YabHBIH MOMEHT BPEMEHH M CTEHOK peakLMoHHoro cocyaa — 0, =0, =0,. B xaue-
cTBe MaclITaOHOM TeMIepaTyphl B 3TOM Clly4ae €CTECTBEHHO BHIOpATh TEMIIEpaTypy
CTEHOK peakluoHHOro cocyga 7, =1;. Takoe ynpomeHue OyneM HCHONB30BATh

TOJIBKO MPH HAXOXKACHUN KPUTHYECKHUX TEMIIEPATYP BOCIIJIAMEHEHHUS.
[lycte pexkuMm pearupoBaHusi OWHapHOTO cilaBa MeB B HadanbHBIE MOMEHT
Oyner  auddy3WMoOHHBIM MO  cJOK0  3ammTHOM  okucm  B,0s;,  T.e.

1(T.h,) <<{o.k(T,), 6,k (T, )} wn B Gespasmeprom Buge f, <<1, J% <<1.
1

Torma, momarasi, uro mupQy3uOHHBIH MO cioto B,O; pekuM pearupoBaHHS
CIUTaBa HE HapyIIaeTCs B MPOIIECCe BOCIUIAMEHEHMS, CHCTeMY ypaBHeHHH (1) MOXKHO
YIPOCTHUTH:
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do e ‘A 1 L , 6-06

— +
dt z[1+f1'ee(”2_”'):| q\Vy o@-a) | 4 Q

z l+ie
1

ﬂ_ B '6—68_ B 6,-0,

dt 1-B Q 1-B AQ

__ & e

dz z|:1+f1e9(”2'”‘):|

A3)

CornocraBienne HHTErpanbHbIX KpuBbIX 0(7),z(t)u 6, (1), momydeHHbIX unc-
JICHHBIM MHTETPHUPOBAHUEM YIIPOIICHHOH (3) M MCXOMHOW CHCTEM YpaBHECHHUH TpH f;
<< 1 B IIMPOKOM [MaNa3oHe U3MEHEHHH [, a;, @, TIOKa3alo0, YTO KOJHIECTBEHHBIA 1
KaueCTBEHHbIH X011 KpuBbiX 0(1),z(t)u 6,(t) coBmajaeT ML 10 3HAYCHHI Hapa-

MeTpa f; MeHbiIe Hekotoporo f. Xapakrepusie sasucumoctn 0(t),z(t)u 6, (1),
MOJTy4YeHHbIE YMCIIeHHbIe UHTerpupoBanueM (1) mpu f> << 1 BOJNU3M mpexnena Boc-
IJIaMEHEHUs!, TIPUBEACHBI Ha puc. 1. (c0=1,f2=10'2, qz—vz=0,5; ﬁ=-0,3; ar~1, a=2;
4V, L

£°=10, B=0,2; A=180). Ilpu f; < f*(kpusbie 1,2) pe3Koe yBeTUUEHHE TEMIIEPATYPHI
YaCTHUIIBI TI0 BPEMEHH COBITIAJIAaeT C yIAIeHHEM 3aluTHOTO cios B,O;, 9To Xapakrep-
HO JUIS TEPMOKUHETHYECKOTO Bocmuiamenenus. [Ipu £, > f;” (xpusbie 3), B peaBoc-
TUIAMEHUTENbHBINA eproy] ciioil okucu B,O; MOTHOCTBIO yaasieTcss ¢ MOBEPXHOCTH
WHINBUIYaTbHBIX YacTHI (CKopocTs HcmapeHus B,O; mpeBOCXOAUT CKOPOCTH €ro
00pa3oBaHMs B TEUEHHWE BCETO INPEIBOCIUIAMEHHUTEIHFHOTO TMEpHoJa) W, B JallbHEH-
IeM, CKOPOCTh MPOIeCCa OKHUCIEHUS PErYIUPYeTCss UCKIIOUUTENbHO KHHETUKON re-
TEPOTEHHBIX peaKkIMi OKWCICHHS KOMIIOHEHTOB CcIUIaBa (B OCHOBHOM Me, T.K.
f; >>1). Cnenosarensho, npu f; > f;” nuddy3MOHHBINA PEKUM OKHCIEHHUS B TIPOLIEC-
ce BOCIUTAMEHEHHS HE MOXKET OBITh peann30oBaH. DTO MOXHO OOBSCHHUTH CEJICKTHB-
HBIM OKHCJIEHHEM 3jieMeHTa Me cmasa ( f; >>1), BbI3BaHHBIM IPOTEKAHUEM JOMH-
HUPYIOUIEH PEAKIUH.

OueHnM rpaHndHOe 3HaueHue f’. JIOCTATOYHBIM YCJIOBHEM CMEHBI PEKHMOB

€arupoBaHus B MPOIECCE BOCIUIAMEHEHUS SBISAETCS YCIOBHE BEIIOJI-
y dz dt<0’

HAKOMICECSA B TCUCHUEC BCETO IMPCABOCINIAMEHUTCIIBHOTO TICPpUOJIA. HH}I 3TOr0 HE0OXo-
JAUMO, YTOOBI B HaYaJbHbII MOMEHT BPEMCHHU BEIIMYMHA ITapaMeTpa fl, TIpEBRIIIIAIA

0 1 Y o dz
BENIMYUHY f, =——=-—, HalllcHHyI0 U3 YCIOBHS e

(O] T

=0. Ilpu a<l+a, —a,
=0

"
0, (1+a,-ay—a)

3HaveHue f,’ HEOOXOJMMO YBEIHYHTH B €
KPUTUYECKUN Pa3orpeB.

pas, rae 0., — MakCUMalbHbIH
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4 ‘\ 04l |
J/ 1
7 2 L
I/ I.
/

7
/, 02
o

ey A4 71 2

4 e et

0,0 L L :
0,0 05 1,0 1.5 2,0
6) T
Puc. 1 3aBucumocts Oe3pa3MepHBIX
Temmepatryp dacTuisl 6 u raza (a),
TOJIIIMHEI OKMCH IICHKH z oKucH B,0s
(6) u ckopoctu TemwtoBbACTeHANE O
peakmuit B+O, u Me+O, (B) oT Bpeme-
HH, CIUIOMHBIE KpuBble O(T), z(T) m

Q.; nynktupubie kpusbie — 0,(7),
0, ; kpuseie: 1) Q = 1.3-107, £;=0.2;
2) Q=3.1-10", ;=5; 3) 2 =3.810",
£i=50

Takum o6pasom, mpu f; > f;° ~%) B IIpollecce MpEeAIIaMeHHOTO pa3orpeBa

YacTHIBI CIUIaBa NMPOMCXOJUT CMEHA PEXHMMOB pearupoBaHus OT AU(P(Y3UOHHOTO,
o cnoto okucu B,0;, k kuHeTHYecKoMy. C y4eTOM BBIMIEH3IOKEHHOTO CHUCTEMY
ypaBHeHu#l (1, 2) MoxHO mnepenucaTh (IpeHeOperas ypaBHEHUEM IS M3MEHEHUS
TomuHkI ciost B,O3) B Bue:

d9: L ea|0 +q2V2 .ieazo_e—eg

1+= |&— Rl 4

dt )5 avi L Q @)
deg: B .G—Gg_ B 6,-6,
dt 1-B Q 1-B AQ
IIpu 3anucu (4) yuTeHo, YTO CyMMapHas CKOPOCTb MOCIEA0BaTeIbHOM peakuu
B+ 0, > B,0, > B,0f ompenensercss CKOPOCTbIO Hanbojiee MEAJICHHOH cTaauu

a0 o
€ A , a TeII0BOH 3¢ dekT odpazoBanus B,0s, cornacHo 3akony ['ecca, paBen | + ¢;.
1

Kputndeckne ycimoBHs BOCIUIAaMEHEHHS B 3TOM CIIydae MOTYT OBITH IOJTyYeHBI
KaK YCIIOBHS TOTEPH YCTOWYHBOCTH CTAMOHAPHBIX PEXUMOB (4). Brimonnsas He-
CJIOJKHBIC PE0Opa30BaHus Ha Mpeesic BOCIUIAMCHEHUSI MOXKHO MOJIyYHUTh B BHIC:

86



Disuka aepoaucrepcHux cucrem. — 2018. — Ne 55. — C. 80-94

-1
Q. a —(a—a
al 1+£ xp — 10 & %Vz fi —e (a Z)QKp
q, ) ,A+4) a, (L+q])v]
1_67 (%)
aIGKp =1- %
1+&.L/f]e(”ﬁ”2)e
a, (L+q,)v,

B cBsi3u ¢ TeM, 4TO BEJIMYMHBI IAPAMETPOB f] U f> 3aBUCIT OT MOJBHBIX JONEH
KOMIIOHEHTOB CILIaBa, TO MOXHO JIETKO IIOKa3aTh, YTO TEMIIEPATypa BOCILIAMEHEHUS

aspossBecy cruiasa MeB, nipu f; > £, GyseT MMeTh MUHUMYM TpH

—a,)0 A% (e}
e(”l a,) — 9V, l_1 (6)
(L+q)v,” o,
rae 0 onpenensercs u3 (5).
VYcnosue (6) ompenenser HEKOTOPOE KPUTHUECKOE COAEpKaHHUE diieMeHTa Me
(oY )B ciulaBe, HAYKMHAs C KOTOPOIO YBEIMYEHHE COJEpKaHHA 3IeMeHTa Me yxyn-

IIaeT yCcJIOBHS BOCIUTaMEHEeHHs. TakuMm o0pa3oM, MpUMEHEHHE dJIeMEHTa — J00aBKU
Me ¢ 1enapi0 00seryeHrs BOCIUIAMEHEHMS OCHOBHOIO KOMIIOHEHTa — B, 1emecoo00-

Kp

Pa3HO TOJIBKO IPH G, < G5 , €CIIM KOMIIOHEHTHI CIIJIaBa PEarupyroT ¢ OKHCIUTENEM B
KHHETUIECKOM PEXKHME.

Kak BumHO 3 (5) mpH TEIIOBOM MEXaHU3ME BOCIUIAMCHEHHS CBSI3b MEKIY
TEMIIEPaTypoil BOCIUIAMEHEHNsSI i OCHOBHBIM IapaMeTpoM B, p,, , d, ONpenensercs

M3 COOTHOLICHHS
E,
+r 1-B 1

RT,
e~ 2 —

B Po,
Ipn f, <<1, % <<l u f<f, xorma mudy3uOHHBIH peRUM pearupoBa-
1

HUSI COXPAHSAEeTCA B TEUCHUH BCETO MPOIEecCca, KPUTHUECKUE YCIOBUS BOCIUIAMEHEHHS
MOTYT OBITh MOJIyYEHbI ITyTEM aHaJIM3a Ha yCTONYMBOCTH CTAIMOHAPHBIX pPEIICHUH
ynpomieHHoOH cucteMsl (3). 3HaueHns O6e3pa3MepHBIX MapaMeTpoB Ha Iperere Boc-
IUIAMEHEHUS] ONPENEINIAETCS U3 COBMECTHOIO PELIEHUS CUCTEMbI TPaHCLEHIECHTHBIX

YPaBHEHUI:
-1

Q - —a
W _ g 1+£ meuoxp 1+fi 9,V, (1 + a4, 4 ]e(”z 10,
1+ 4 q, (L+q,)v, a

. @)

0 :l 1+a1 l_al_a2 +(L+ql)vl .ie(”l_al)ow

Kp
a a a q,V, A

OrmeTum, 4TO Kak BUAHO M3 (7), 3HaueHUE 2, 3aBUCUT OT COOTHOLIEHHUS CKO-
pocTeli mapauieNIbHBIX peaKIui NpH CTAIMOHAPHOW TemIepaType (ciiaraeMble THTa

-a,

—a;)0,, ~
fle(aZ “) ), a He OT MX a0COJIOTHBIX 3HAYECHUH B IPOTHUBOIIOJIOKHOCTH TOMY, YTO
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HMMEJI0 MECTO TIPH TEIIOBOM BOCIDIAMEHEHUH (cllaraemele Tuma f;f; (5)). 9To cBs3aHO
C TEM, 4TO IIPH TEIJIOBOM BOCIIAMCHEHHMH B YCIOBHAX M30BITKA OKHCIMTEIS Tapa-
JIeTIbHBIE PEaKIUU IMPOTEKA0T HE3aBHCHMO, TOTZA KakK JUIl TEPMOKHHETHYECKOrO
BOCIUIaMEHEHHs 1pu 1UQ(y3HOHHOM KOHTPOJIE TIPOLIECCa, TEIUIOBBIZCIEHHE OT KaX-
JIOM pEeaKIMK 3aBUCUT OT MepepacIpeeIeHHsT OKUCIUTEIS MEX/y PeaklusIMHU, OTpe-
JICJICHHOT'O OTHOIIEHUEM CKOPOCTEH MapajuleibHbIX CTalUuM.

Ipu Mansix 3HaueHusax f,(f; <0,1+0,2) 3Hayenus Q,, cnabo 3aBUCHT OT f; U

pasHocTH (a;-a;), 9TO JIETKO O0BSCHIETCS MPEUMYIICCTBEHHBIM OKUCIICHHEM B crora-
Ba. Tornma xputepuii (7) MOXKHO YIPOCTHTE:

Q 1 1
P = ; 0,=— . (7a)
1+4 L a
ena| 1+—
9
OTMeTHM HAEHTHYHOCTh KpuTepus (7a) ¢ KpUTepueM, OMHICHIBAIOIINM BOCIUIA-
MEHEHHE METAJIJIOB IIPU MPOTEKaHUH MOCIIEI0BATENbHBIX peakiui 1.

Ipu Gompmmx 3uauenusx f,(f; >5+10), Koraa NpeUMyIIECTBEHHO pearupyer

aneMeHT Me ciutaBa, kputepuid (7) MOXKHO YIPOCTHTh, IpeHeOperas TeIUIoBbLaeNe-
HHEM OT peakiu oopazopanust B,Os:
QKI’ 1 . 1

1+4

.9 = 76
9V, Y a-a +a, (76)

e(a—a1 +a2)0)f1
171

Jis wouTiocTpanny XapakTepa BIMSHHA IapaMeTpa f; Ha mporiecc BocIutaMeHe-
HUs oOpatumcs k Puc. 1. M3 conocTaBiieHus: KpUBBIX 1 ¥ 2 BUIHO, 9YTO C POCTOM f;,
YMEHbIIAETCsl KBa3UCTAllMOHAPHAs TOJIIIMHA CJI0s 3aluTHOM okucu B,0; (MHTEHCH-
¢uxanmst peakiun Me+O, NPUBOANT K CHW)KEHHIO CKOPOCTH oOpaszoBanus B,0;).
ITosTomy, pe3koe yBemmueHue ckopocTd auddy3un okuciuTens depes cioi B,Os,
BCJIEJICTBUE IMPOTEKaHMs IMOCIEOBATEIILHON peakiuy, HauMHAeTCsl Ipu Oonee HU3-
KHX TeMIIepaTypax.

Taxkum 06paszom, ipu f; < f;’, napamiensHas peakuusi Me+O, OKa3bIBaeT CHIlb-

HOE KMHETHYECKOE BIMSIHHE Ha MPOTEKaHHE IPOIlecca BOCIIAMEHEHHUS CIUIaBa, KO-
TOpOE 3aKII0YaeTcs B M3MEHEHHWHM CKOPOCTH 00pa3oBaHUs 3aluTHOrO ciosi B,0s.
XapaxTep TEIUIOBOTO BIMSHHS 3TOM PEaKUW 3aBHCUT OT COOTHOIICHHS BEJIMYHH
(viq)) m (vaq2). Tak, pu v,q; < v,q, naTeHCHUKaIUs peakimu Me+O,puBoOIUT K
POCTY TEIUIOBOTO BKJIana Oojiee HK30TEPMHUUYECKON pEeakIWi — BOCIDIAMEHEHHE 00-
Jerdaercs, a Opu v,q; > vq> — 3aTpyaHsercs. UucneHHoe uHTerpupoBanue (3) npu

v
BapUalliyl OTHOIICHUS l%q B npenenax ot 0,2 10 5 mokaszajio, YTO KUHETHYE-
212
ckuil (pakTop peakimu OKUCIICHHS dieMeHTa Me ciuiaBa npeobnagaet (mpeaenn Boc-

TUITaMEHEHHs YMEHbIaeTcs ¢ poctoM fj, naxe eciu Vl‘% <1). IockosbKy Benu-
212

k
YHHA 3aBUCUT KaK OT OTHOLLIEHUS | k> TaK 1 OT MOJIBHOTO COACPKaHUA 3JIEMEHTOB B
2

cruiaBe MeB,, To Ul KOHKPETHOTO CIUIaBa, YBEIUUCHHE coaepkanus Me (pocT f7)
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BCEraa 6yZ[GT CIIOCOOCTBOBATH CHIKEHUIO npeaciia BOCINIaMCHCHUSA a3pOB3BECH Hac-
THII CILIaBa.

6

KadecTBenHOE moBeneHE 3aBHCUMOCTEH TK(dO), T ( poz) 3aBHCHUT OT BHJIA 3a-

KOHa nucmapeHus B203 1 IOTOMY CBA3b MCIKIY TeMHepaTypoﬁ BOCIUITAMCHCHHUA U IIa-
paMeTpaMu CUCTEMbI OIIPEACIIACTCA U3 COOTHOLICHUS:

w 1-B 1
B W (po,.dy)

e

o1
Hockonexy W, ~ 7 TO TeMIlepaTypa BOCIUIAMEHeHHs ciiaBa MeB, mpu nud-

0
?

(y3MOHHOM pexuMe pearnpoBanus OyjeT 3aBuceTh oT dy cuibhee (e ' ~d;), uem
El

TIpH TEMIOBOM BocIiamMeHeHuu (e ™ ~ d, ). 3aBUCMMOCTb TeMmepaTyphl BOCILIAME-

HEHHsI OT OTHOCHUTEJIHHOW MacCOBOW KOHIIEHTpPAIlMM B3BECH, aHAJIOTUYHA TOIYy4eH-
HOM JIJIS1 TETJIOBOTO BOCILIAMEHEHHSL.

[IpumeHrM mosTydeHHBIE Pe3yIbTaThl K aHAIM3Y MPOIECCOB BOCIIJIAMEHEHHS ad-
poB3Beceii yacTuil crao MgB, u TiB,. U3 ycnosus f; = £’ onpenenum, Kakoi u3

JIBYX PaCCMOTPEHHBIX MEXAHU3MOB BOCTLIaMeHeHus peanusyetcs ( f;’ ~ % ).

Hoau6opux marnus. OueHKH OymeM IPOBOAUTH UL JBYX CYIIECTBEHHO pas-
JIMYHBIX 3HAYEHUH KOHCTaHT CKOpocTH peakumu B+O,: E;=31,7 xkan/mons [16] n
E =100 xkan/moins [17], a npu pearnpoBanun Mg, cnenys [18], ucrosns3oBaHo 3Ha-
yenne E£,=38,5 kkan/mMonb. Kak mokaspIiBaeT pacder, py 3aJaHHOMN YHEPTUU aKTHBa-
UMM pearupoBaHusi Maruus ycnosue f, > f’ peammsyercs npu T >1500 K s
E;=31,7 xxkas/moin, a ipu 1 <2000 K— mis E;=100 kxan/monb. ClieZjoBaTeNbHO,

€CJIM CTallMOHApHBIE Pa30TPEBbl TAKOBBI, YTO TEMIIEpaTypa YacTHUI] CIUIaBa JIEKUT
BHYTpU OTOro JjAuamna3zoHa (ypoBeHb TeMIepaTyp BociuiameHeHus MgB,
T, ~1200+1300 K ), TO MOXHO CUHTATh, YTO B MPOILECCE NMPEAINIAMEHHOTO pa3orpe-

Ba MPOVCXOINUT CMEHA PEKUMa PearupoBaHms oT TU(GPy3noHHOTO 10 TUIeHKe B,0; k
KHUHETHYECKOMY.

[osTOoMy [T pacdeT KPUTHIECKUX YCIOBHI BOCIUIAMEHEHHS adpOB3BECH Hac-
i, MgB4 1 MgB|; MOXHO Bocmosib30BaThCsl kputepueM (5). OcTaibHbIe 3HAYCHUS
TGHJ’IO(l)I/l?)I/lLleCKI/IX U KUHETHUYCCKUX KOHCTAHT, UCIIOJB30BAHHBIX IIPpU pacdeTax IIo
KPUTEPHIO TCILJIOBOT'O BOCINIAMCHEHUS, IIPUBEACHBI HUXKEC!:

0,75
Nu=2; Nu=55 A=5510"[—] FE_. = 6300 kawr On;
273 cmK e
q:v>= 980 kan/r Oy; L =-1290 xan/r; D = 1,25 cm;
22600
EC (L) =1.2:10°T e T

H
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T.,K
1800
1700
1600 |- “fr-
N \'—..\___.-_"“—O-__.___o_
1500 i = ==L
1400
1300 %\
I .t
1200 i =
F - - T=s-aa
1100 - S R T 2
L N g - T~ A — R e T
1000_ = v-§_____-_._-o 1
900 e e
800 | © -B(d,=106 mkm); A -MgB,; ¢ -Mg; |
700 [ | ® -B(d, =46 mkm[11]); |
- B o - MgBm(dm=2,3 MKM); ® - MgBQ(dm=1,3 MKM); .
L |Pacyet no (5): 1 - MgB,(d,,;=2 MKm); 2 - MgB, ,(d,,=2,3 Mkm)
500 T T : L . L .
0 100 200 300 400

C,, mr/n

Puc. 2. 3aBucuMocTh TeMIlepaTypbl BOCIUIAMEHEHHsT a9POB3BECH 4acTull Oopa,
nonbopUIaMarHus ¥ Marausi 0T MaccoBoO# KoHIeHTpauuu (P = 1 atm)

44000
10 T.
W= 1,0(1)5-10 My, -0,04¢ [7 . }
1 107 . Y| Seme
4T 1+4,5 10"-0,04p -7,
Nu-T,

Ha puc. 2 xpuBbiMu 1,2 iokazansl 3aBucumoctu 7. (Cg), paccuuTaHHbBIE IO KPH-

Teputo (5). BuaHo, 4TO SKCHepHMEHTAIbHbIE JaHHBIE 110 BOCILIAMEHEHHUIO a3pPOB3Be-
CH 4acTUIl MOJHMOOPHIa MarHUsI XOPOILIO COTJIACYIOTCS C PacueTOM KaK 10 XapaKTepy,
TaK M 10 aOCOTIOTHBIM BEJIMIMHAM TEMIIEPaTyp.

Jubopun Turana u uupkoHust. OLEHKH, IPOBE/ICHHBIC ISl ANOOpHIa TUTaHA
1 rpkoHus (1o ganueiM [21] pu 7> 1000 K g TMHTaHa HMEET MECTO JIMHEHHBIN
3aKOH OKHCJIEeHHs ¢ KoHcTaHTtod FE,=40000 kan/mMonb, a uisi IMPKOHHS TIPH
T> 1200 K ucnonn3oBanbl ganHbie paboTsl [19]) mokazanu, 4To HE3aBUCUMO OT 3Ha-
YEeHUH SHEepruM akThBalMu peakuuii B+O, B cruiaBe npeobiajaeT TepMOKUHETHYC-
CKHil MEXaHU3M BOCIUIAMEHEHHUS, T.K. f, < f;". DTOT (aKT TAKKE MOIATBEPKIAETC U

pe3yJlibTaTaMH YKCIIEPUMEHTAIBHBIX UCCIICJ0BaHHUH.

[TosTOMYy, /I KOJIMYECTBEHHOT'O COTIOCTABJICHHS PE3yJIbTATOB HAIIUX JKCIICPH-
MEHTOB M pacuera OyJeM HCIOb30BaTh KPUTEPUIl TEPMOKHHETHIECKOTO BOCILIAME-
Henus (7). Pesynmbratel pacuera mis TiB, u ZrB, mokaszansr Ha Puc. 3 u Puc. 4
CIUTOITHBIMK KpUBBIMH. Kak BHIMM, pe3yiabTaThl pacuera M SKCICPUMEHTa XOPOIIO
coryacyroTcs. Ha 3THX puCyHKaxX MPUBEICHBI Uil CPABHEHHS KCIICPUMCHTAIBHEIC
JIAHHBIC ISl UICXOAHBIX METAILIOB.
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BeiBoabl. B pamkax pa3paOoTaHHON MOJENH BOCIUIAMEHCHHS IPOAHAIH3HPO-
BaHO B3aWMHOE BJIMSHHE MapajUICIbHBIX PEaKIHi OKHCICHUS KOMIIOHCHTOB COCIIH-
HEHUsI ¥ TTOCJIEZI0BATENbHBIX peakinii 00pa3oBaHus U yaaieHue OOpHOTO aHTHIPHUIA.
[ToxaszaHo, 4TO B 3aBHCHMOCTH OT 3HAYCHHUH, ONPEACIIAIOMINX POIIECC MapaMeTPOB,
BOCIDIAMEHEHHE B TAKOH CHCTEME MOJKET IPOHCXOIUTH: JIN0O KaK CICICTBHE CPHIBA
TEIUIOBOTO PaBHOBECHS — TETUIOKMHETUYECKHA PEXHUM, KOTJIa CKOPOCTU Mapajlieib-
HBIX pPEaKIWi KOHTPOIUPYIOTCS UX KUHETUKOH UM B YCIIOBUSIX MPEUMYIIECTBEHHOTO
OKHCJIEHUSI KOMITOHEHTA COEIMHEHNS, KOI'Ia IUIEHKA 3allUTHOM okrcH B,0; He Haka-
TUTHBAETCS B TIPOIIECCE PearnpoOBaHMs; MO0 B pe3yabTaTe B3aMMOICHCTBHUS TEILIOBO-
TO U KUHETUYECKOTO CaMOYCKOPEHMH, KOT/Ia Pe3KO€ YBEIMUEHUE TeMIIepaTyphl CHC-
TEMBI COBIIAACT C YAaJICHUEM 3aIlUTHOI okanuHbl B,O; BeaencTBue ee UcrapeHus —
TEPMOKHHETHUCCKUH PEHKIM.

[TosyueHsl COOTHOIIEHUs AJIsI pacdera MpeeNoB BOCIUIAMEHEHHsS M BBeJEHA
YCIIOBHAsI TPAHUIIA CMEHBI MTPE00IIATAIONIUX MEXaHU3MOB BOCILUIAMEHEHHS.

Ha mpuMepe ananmmza 3KCIEpUMEHTAIBHBIX NTAHHBIX 110 BOCIUIAMEHEHUIO adpo-
B3Becelt MgB,, TiB, u ZrB, ¢ moMOImE0 pa3BUTOTO MOAXOAA ITOCIENOBATEIHHO-
napajuieIbHBIX PEAKIUi MOKa3aHa ero MepCrneKTUBHOCTh MPU OMHCAHUHM MPOIECCOB
BOCIUTaMEHEHHUST OOPCOACPIKAITIX COCAMHCHHH.
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Bynanin ILK., Cuoopos O.€., Kipo C.A., Ilonemace M.1., Illesuyk B.I.
Kputuyni yM0oBH cnajiaxyBaHHsI Ta303aBUCIB eHEPrOEMHUX CIOJIYK

AmnorTaris

bop € nepcnexmusnoro peuosunoro 6 sxocmi enepeoemHoi 006a6Ku 00 PaKemHux nauus,
O0OHAK MAIOYU BUCOKY meMnepamypy 3auMAanHs Moice Oymu 6UKOPUCMAHULlL y ckaaoi 3'eOHanb
3 memanamu - 6opuoamu. Peanizayiss nomenyitinux modiciugocmeti 60pu008 Memaiie, Moic-
UBa 8 yMO8ax, wjo 3abesneuyoms ix saumanua. Y oauii pobomi 6ynu npogederi meopemuyi
docnidcenns npoyecy 3aumants 6opudie MgBn, TiB, i ZrB,, Ha niocmagi modeni Ons ceme-
PO2EeHHUX cucmem 3 NapanerbHuMu peaxyismu. AHARI3 nokazas, wjo 3AUMAHHA MOXce
6i06ysamuca y menioKinemuyHomy, abo 8 mepmoKinemuyHomy pedxcumax. Ompumano
CNiBBIOHOWIEHHST Ol PO3PAXYHKY MENC 3aUMAHHA | 66e0eHd YMOBHA Medicd 3MIHU nepesa-
JICAIOYUX MEXAHIZMIE 3ANANICHHS.

Bulanin Ph., Sidorov A., Kiro S., Poletaev N., Shevchuk V.
Critical conditions of energy intense compaunds aerosuspensions ignition

Summary

Boron is a promising material for the use as an energy-intensive additive to rocket fuels.
However, due to the high ignition temperature, it can be used in the composition of com-
pounds with metal - borides. The realization of the potential of borides of metals is possible
under conditions that ensure their ignition. In this work, theoretical studies of the ignition
process of borides MgBn, TiB; and ZrB; were performed based on the model for heterogene-
ous systems with parallel reactions. The analysis showed that ignition can be performed in
heat-kinetic, or in thermo-kinetic mode. The relations for calculating the limits of ignition are
obtained and the concept of the conditional boundary of the change of the prevailing ignition
mechanisms is introduced.
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New energy, angle momentum and entropy balance approach to modelling
climate and macroturbulent atmospheric dynamics, heat and mass transfer
at macroscale. I. General Formalism

We present elements of a new non-stationary balance approach to modelling global
mechanisms of climate and macro turbulent atmospheric low-frequency processes, includ-
ing processes of heat-mass transfer at spatial and temporal macro scales, teleconnection
effects etc. The main forming factor is a triplet of interacting solitons: "the planetary soli-
ton of Hadley cells - the entire complex of atmospheric fronts - the Rossby soliton wave
packet". The approach is based on the using balance relationships for entropy, energy and
angular momentum, spectral theory of atmospheric macroturbulence, atmospheric mois-
ture flow in further connection with the continuity of atmospheric circulation forms (tele-
connection, genesis of fronts). Particular application is studying a spatial-temporal picture
of the long-term atmospheric pollutants (including distribution of radionuclides after acci-
dents at the nuclear power plant like Fukushima etc) in the atmosphere with accounting for
the macro turbulent, circulation low-frequency processes.

Introduction. Understanding and quantitative description of global mecha-
nisms in atmospheric low-frequency processes, teleconnection effects etc attracts a
fundamental interest in a modern physics of climate and heat-and mass transfer in
complex atmospheric system " [1-20]. It should be noted that at present time there are
different, quite consistent approaches to modelling global atmospheric macroproc-
esses and respectively the methods of modelling temporal and spatial dispersion of
different pollutants in atmosphere and other geospheres (look for example, [21-30]).
One should mention such methods as MLDPO (Modele Lagrangien de Dispersion de
Particules d’ordre 0), HYSPLIT (Hybrid Single-Particle Lagrangian Integrated Tra-
jectory Model), NAME (Numerical Atmospheric-dispersion Modelling Environ-
ment), RATM (Regional Atmospheric Transport Model), FLEXPART (Lagrangian
Particle Dispersion Model), model of the European Center for Mdium-Range Weath-
er Forecasts (ECMWF) and others [7,11,26,30]. Nevertheless, correct quantitative
description of the global atmospheric processes, the heat-and mass transfer processes
in an atmosphere, macromodelling dispersion of the pollutants in an atmosphere re-
mains very actual and hitherto unsolved problem. Below we present the elements of a
new approach, which is based on the entropy, energy, moment balance relationships
for the global atmospheric low-frequency processes, theory of atmospheric macrotur-
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bulence and circulation over the position of the front sections. The fundamental idea
is that the main process-forming factor is a triplet of interacting solitons: "the planeta-
ry soliton of Hadley cells - the entire complex of atmospheric fronts - the Rossby so-
liton wave packet" [22-24].

Advanced balance approach to macroatmospheric processes and a triplet of
the interacting Hadley cells — Rossby — atmospheric fronts solitons. Nowadays it
has become preferable to use single-factor models for the diagnosis and prediction of
the atmospheric macrocirculation. However, these models do not reveal a dynamics
of the process, but are only a summary statement of the state. For example, the fore-
cast of climate changes in these models can only be done by studying trends in heat
balance maps. In our opinion, the "heat balance" should be replaced by the "entropy
indicator" of the climate state. This index satisfies the equation of the entropy bal-
ance. Moreover, it contains a time derivative, which does not exist in the heat balance
equation. The problem is only that the entropy balance is calculated in the low-
frequency range of climate change. Such a low-frequency range can only be in plane-
tary-scale processes that form global climate change. It is well known [1, 22, 23] that
such processes include wave oscillations such as the planetary soliton - the Hadley
cells. These cells attract a great interest. For example, the only so far discovered
process with a two-year cycle is the "southern process with El Nifio", which is deci-
phered on the Hadley cells. The change in the state of the Hadley cells on a global
scale will be the basis for saturation of the entropy balance equation, the minimum of
which should be expected at the characteristic middle of the stage of the climatic
epoch. A change in the energy of a soliton can occur if a moment of its destruction
appears at low-frequency interaction with another, long-existing wave process, also
of the soliton type. As a result of this interaction, a third soliton must arise. The
second and third solitons are known: the Rossby solitons (blocks emerging from the
tropical belt), which basically determine the nature of the atmosphere's circulation
and the corresponding weather complex, and the soliton of the atmospheric
fronts[22]. On the fronts, up to 30% of the solar energy is realized in the processes of
wet convection to an effect of the atmospheric moisture flow. The thermodynamic
front solenoids are so energy-saturated that they are a natural barrier to energy dissi-
pation into mesoprocesses, the horizontal scale of which is much smaller than the
transverse dimension of the front. Moreover, the transfer of energy from the meso-
processes of the surface layer to the side of larger waves by the mechanism of "nega-
tive viscosity" is not carried out through the front. It explains that the main climate-
forming (or global macro circulation) factor is a triplet of the solitons: "the planetary
soliton of Hadley cells - the whole complex of atmospheric fronts - the Rossby soli-
ton wave packet". The entropy balance equation should calculate the balance in the
complex of the soliton triplet without mutual energy exchange (the active phase of
the climatic stage), whereas the increasing entropy corresponds to a mutual energy
exchange between the elements of the soliton triplet. All three elements of the soliton
triplet determine the dynamic change in the complex of weather, while the factors
that form the heat balance (radiation and heat fluxes) are basically subject to the an-
nual course of insolation and do not form low-frequency processes of a climate-like

96



Disuka aepoucriepcHux cucreM. — 2018. — Ne 55. — C. 95-104

dynamics. The triplet of these solitons can be parametrized by means of the following
model.

We assume that each of these solitons can be analytically determined by solving
the known Karteweg-de Vries equation:

I/t _6V2VX+VL\ZX:0' (1)

Here V is the velocity, the subscripts mean the derivative with respect to the cor-
responding coordinate. The asymptotic solution (1) for time # — oo has the form:

V(x,t):(3t)I/Sr(O)Ai(Z)—(Z»t)2“1’@Ai’(2)+0(%), @)

where Z = x(30)"* ; r - generalized parameter of the soliton wave radiation matrix;
Ai(Z) — Airy function. The solution of Eq.(2) can be represented in the low-frequency
range in the vicinity of x = 0 as a series of Z. The soliton of Hadley cells, forming a
circumpolar vortex, occupies an area comparable to the hemisphere of the Earth; the
Rossby soliton occupies a space of an order of magnitude smaller, while the trans-
verse dimension of the front soliton is only about 30 km. The Rossby soliton is mani-
fested as a result of the low energy transfer of the nonlinear interaction of these two
solitons. In view of the apparent incomparability of the geometric area dimensions of
these solitons, it becomes necessary to replace the coordinate of the space (x) by the
energy coordinate (F). In this coordinate, all three solitons are comparable. The E-
coordinate is formed on the basis of spectral modes of N-soliton solutions. The N-
soliton solution has the following structure for the Karteweg-de Vries equation:

Vy=D, exp(Zui [ni +igj+ > uiu‘fAy]s 3)

u=0,i i<I<j
where n; = kZ — k’t — wave vector in coordinate (Z, 1); W, W, — weight coefficients of
particular solutions of the kink and antikink type; 4; — matrix of a soliton nonlinear

wave radiation:
2
k —k.
A; i J
e’ = . 4
(ki + kjj @

Operator Z u;u A, in the solution (4) determines the energy transformation
i<1<j
from the spectrum of N-solutions with radiation, i.e. transfer of the wave energy be-
tween the solitons. The construction (2) - (4) is to be introduced into the equation of
the entropy balance:

J, Py J, X
§+V-—"':—| | +-L 1, %)
ot T T T
where p — is the substantial density of the medium through which the entropy flux S
is carried out; J , — the entropy flux vector; T is the temperature of the weighted av-

erage convection condition in the frontal systems, consistent with the Hadley
cells; X, =VT — entropy productivity; )7q = VxV + 2@ — an absolute vortex; |P| —an-
tisymmetric deformation tensor in space. Note that the third term in equation (5) spe-
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cifies the irreversible course of the process in time.

Equation (5) must be rewritten for the coordinate E, i.e. it must correspond to
the Riemannian geometry of the N-dimensional phase space of the spectral modes of
N-soliton solutions. The soliton of the Hadley cells and the front soliton describe the
curvature of the Riemannian space in the form of axial vectors, whereas the Rossby
soliton contains mainly polar vectors. As is known, the tensor products of a tensor on
axial vectors by a tensor on polar vectors give, as a result, the tensor of polar vectors.
This means that the Rossby soliton, selecting the wave energy of the planetary soliton
of the circumpolar vortex and the soliton of the fronts, gradually destroys them, trans-
lating them into a soliton of polar vectors. But the soliton of the front has a constant
energy supply from wet convection and after its regeneration on the Rossby waves
restores the structure of the planetary soliton. The cycles of such regeneration serve
as the basis for low-frequency oscillations in the macroprocesses (climate) forecast
and substantially exceed the periods of the frequency sweep of the solution (1). The,
the long-period oscillation cycles of the tensor density arise in the Riemannian space
time, as the energy losses generated by the wave radiation from the planetary soliton
to the Rossby waves are compensated by the frontal soliton at the expense of the
energy of the hydrologic cycle carried out in it. The curvature of the Riemannian
space must also ensure the irreversibility in time of the tensor | P | in equation (5).
The friction losses are removed by the same mechanism. The form of the metric ten-
sor of the Riemannian space for this problem was published in [22]. The Rossby soli-
tons exist relatively a little time to be important for climate prediction. However, the
fact of the repeated existence of blocking processes during the year ensures the exis-
tence of a total time interval sufficient for a significant increase in the field of the ten-
sor density. This will be the time period that gives the necessary frequency in the task
of forecasting the macroatmospheric processes. Two main solitons give wave energy
to either Rossby solitons or progressive waves of temperate latitudes. But waves of
temperate latitudes have a tensor analogy in axial vectors and therefore can not affect
either the planetary soliton or the fronts. The energy costs for wave radiation in their
direction are compensated by the latent energy of the phase transitions in the solitons
of the fronts. The energy of the fronts cannot cause an energy overflow of the plane-
tary soliton or solitons and the Rossby waves, as a process is limited by the solar
constant. This nonlinear oscillatory process is stable in time and can exist long
enough in time and commensurate with the time interval of climatic stage. The initial
conditions in the sense of the Cauchy problem do not exist, because the system of so-
litons must enter a steady oscillatory regime over a long time interval of prehistory.

Advanced angle momentum balance approach and spectral analogue of at-
mosphere dynamics equations in a low-frequency range. As some elements of our
theory were in details presented earlier [23-25], we are limited only by the key as-
pects. An advanced non-stationary angular momentum balance equation of in the
planetary dynamic movements of air masses is written in the following standard
integral form [24]:
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where M = Qa’coso + uacosp — angular momentum; Q — the angular velocity of ro-
tation of the Earth; a — radius of the Earth; ¢ — Latitude (¢; — ¢, — separated latitu-
dinal belt between the Arctic and polar fronts); A — longitude; u, v — zonal and merid-
ional components of the wind velocity; p — air density; V' — the entire volume of the
atmosphere in this latitude belt from sea level to the average height of the elevated
troposphere waveguide - H (in notations [1] H = ); p}. — pj, — the pressure differ-
ence between the eastern and western slopes of the i-th mountains; z — height above
sea level; 1o — the shear stress on the surface. From the point of view of physics, the
cycle of balance of angular momentum in the contact zones with the hydrosphere and
lithosphere becomes a singularity. This singularity can be detected through the occur-
rence of zones of fronts and soliton-type front. Then the kernel of equation (1) can be
defined in the density functional ensemble of complex velocity potential [23, 24]
— 1< 1 &Me™ 1 &

f=vw2+2—n;qk ln(z_ak)JrE;zk——ck_E;r" In(z-5,) (7)

and the complex velocity, respectively, will be

veUsw =Yy Ly @ Ly Mt L$n iy (3

©

dz 2nidz—a, 2Ttk:1(z_ck)2 21

where w — complex potential; v,, — complex velocity general circulation background
(mainly zonal circulation); b, — coordinates of vortex sources in the area of
singularity; ¢; — coordinates of the dipoles in the area of singularity; a, — coordinates
of the vortex points in areas of singularity; M, — values of momenta of these dipoles;
oy — orientation of the axes of the dipoles; I, g, — values of circulation in the vortex
sources and vortex points, respectively.

Further we consider an advanced spectral analogue for equation of motion for
dynamics of the atmosphere in the low frequency range [22-24]. Note that the macro-
turbulent atmosphere equations are low-frequency ones in its basis and there is a lot
of experience of their solving by spectral methods (see [27-29]). The method for cal-
culating a turbulence spectra should be based on the standard tensor equations of tur-
bulent tensions. One could write the system of equations for the Reynolds tensions,
moments of connection of the velocity pulsations with entropy ones and the corre-
sponding closure equations [23, 24]. The technique of using Reynolds tension ten-
sors of the second rank is well known (for example, in the form of an analytical rep-
resentation). The master equations (velocity x-, y-components U, V') with accounting
the Coriolis force an be rewritten as (look [24]):
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where, as usually:

o) (i 0 j .

L =——=—(-1)— +b, ctgh b;=1, j=1,4; b=-1, j=2,3; b=0, j=5,6.
= ae D e Tocte0() s bl R b 22,5670,
The simplified modelling supposes remaining only two operators, say, in the

ov'u'
ot

equation (9c):

= LV'LG (@') expressing @ through @ complex potential of the
a

velocity f, and the velocity components U,V — in terms of functions y of the same ve-

locity potential. The important parameter of the turbulent processes is the kinetic en-

ergy of turbulent vortices »° =uju, , which can be found from the equation (with
physical explanations of any term):

ob  ou,b’ 0 - O0u,
— (u,;ui’u;+2u,ip')=—2u u —--2= EWe . (10)
ot ox, Ox, X, 0
Advec- Turbulent Effect of forces of ten- Interaction of Generation for ac-
tion diffusion sion Reynolds tension count for swimming
and averaged mo- forces

tion
Here g is the magnitude of the acceleration vector due to the planet’s gravity, 6,
is the equilibrium potential temperature, €', p' are departures from equilibrium val-
ues. The equations for the velocity’s correlates are in details listed in [23,24]. Com-
ponents of tensor of the turbulent tensions are (spectral modes of velocity field):

0 o k o g k+q
PSS S3nm |- SES S, « $ diein ., <H-ray
k=1 s=—k q=1 j=q k=1 5=k q=1 j=—q vl

Equating the velocity components determined in the global circulation model
and model (6), one could find spectral matching between the wave numbers that de-
fine the functional elements in the Fourier-Bessel series with the source element of a
plane field theory. It provides principally new basis for the macrocirculation atmos-
pheric processes description. Such an approach is a key block in the balance approach
to modelling global mechanisms of macro turbulent atmospheric low-frequency
processes etc. In the next paper we will present the concrete simplified scheme to cal-
culating the balance of an energy and angular momentum, atmospheric macroturbu-
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lence with elements of a chaos, atmospheric moisture flow in connection with the
continuity of atmospheric circulation forms.

References:

1. Peixoto J.P., Oort A.H. Physics of Climate — N.-Y.: AIP, 1992. — 520p.

2. Matveev V. Physics of Atmosphere.-Moscow:Nauka, 1982.

3. Glansdorff P. and Prigogine I. Thermodynamic theory of structure, stability and
fluctuations- New York, John Wiley Sons. — 1971.

4. Iribarne J. V., Cho H. R., Atmospheric Physics.-N.-Y., Reidel Pub.Co., 1980.

5. Ghil M., Kimoto M., Neelin J.D. Nonlinear dynamics and predictability in the
atmospheric sciences//Rev.Geophys. — 1991. — Vol.29. — P.46-55.

6. Wang C. ENSO, climate variability, and the Walker and Hadley circulations// In:
The Hadley Circulation: Present, Past, and Future.- Eds Diaz H.F. and Bradley
R.S.-Berlin: Springer. — 2004. — P.131-164.

7. Khetselius O.Yu., Forecasting evolutionary dynamics of chaotic systems using
advanced non-linear prediction method// Dynamical Systems — Theory and
Applications, Eds. J. Awrejcewicz, M. Kazmierczak, P. Olejnik, J, Mrozowski. —
2013. - Vol.1. -P.145-152.

8. Kurbatskii A. F. Computational modeling of the turbulent penetrative convection
above the urban heat island in stably stratified environment // Journal of Applied
Meteorology. 2001. — V. 40. — P.1748 -1761.

9. LuJ, Araya S.P., Snyder W.H., Jr. Lawson R.E. A Laboratory Study of the Urban
Heat Island in a Calm and Stably Stratified Environment. Part I: Temperature
Field; Part II: Velocity Field // Journal of Applied Meteorology. — 1997. — V.36. —
P.1377-1402.

10.Brandstater A., Swinney H. Strange attractors in weakly turbulent Couette-Taylor
flow//Phys. Rev. A. —1987. - Vol. 35. — P. 2207-2220.

11.Gubanova E., Glushkov A., Khetselius O., Bunyakova Yu., Buyadzhi V., Pavlenko
E., New methods in analysis and project management of environmental activity:
Electronic and radioactive waste.— Kharkiv: FOP.-2017. — 120P.

12.Wittman, M. A. H., Charlton, A. J. and Polvani, L. M. On the meridional structure
of annular modes// J. Climate. — 2005. — Vol. 18. — P.2119-2122.

13.Voss R. and Mikolajewicz U. Long-term climate changes due to increased CO,
concentration in the coupled atmosphere-ocean general circulation model
ECHAMB3/LSG// Climate Dynamics. —2001. —Vol.17. — P.45-60

14.Kang I, Lau K. Principal modes of atmospheric circulation anomalies associated
with global angular momentum fluctuations//J.Atm.Sci. — 1994. — Vol.51. —
P.1194.

15.Wang, C. ENSO, climate variability, and the Walker and Hadley circulations. The
Hadley Circulation: Present, Past, and Future (Springer). — 2004.

16.Boer G.J., Sargent N.E. Vertically integrated budgets of mass and energy for the
globe // J. Atmos. Sci. — 1985. — Vol. 42. — P.1592-1613.

17.Trenberth K.E., Stepaniak D.P., Caron J.M. Interannual variations in the atmos-
pheric heat budget // J. Geophys. Res. —2002. — Vol.107. — P.4.1-4.15.

101



Disuka aepoucriepcHux cucreM. — 2018. — Ne 55. — C. 95-104

18.Fyfe J., Boer G., Flato G. Predictable winter climate in the North Atlantic sector
during 1997-1999 ENSO cycle// Geophys.Res.Lett. — 1999. — Vol.26. — P.1601-
1604

19.4rakava A., Shubert W.H. Interaction of cumulus cloud ensemble with the lerge-
scale environment//Journ. of Atm. Sci. — 1974. — Vol.31. - P.674-701.

20.Khokhlov V.N., Glushkov A.V., Tsenenko 1.A. Atmospheric teleconnection patterns
and eddy kinetic energy content: wavelet analysis// Nonlinear Proc. in Geophys. —
2004. — Vol.11. - P.295-301.

21.Rusov V.D., Glushkov A.V., Vaschenko V.N., Myhalus O.T., Bondartchuk Yu.A.,
Smolyar V.P., Linnik E.P., Mavrodiev S.C., Vachev B.I. Galactic cosmic rays —
clouds effect and bifurcation model of the Earth global climate. Part 1. Theory //
Journal of Atmospheric and Solar-Terrestrial Phys. —2010. — Vol.72. — P.498-508.

22.Glushkov A.V., Efimov V.A., Kivganov A.F. Modelling climate as a problem of in-
teraction of the solitons triplete//Meteorology, Climatology and Hydrology. —
1999. — Issue 38. — P.3-8.

23.Glushkov A.V. Renorm-group and fractal approach to turbulence spectrum in pla-
netary atmosphere system, “cosmic plasma — galactic cosmic rays”//Ukrainian
Hydrometeorology Journal — 2013. —Ne12. — P.25-30.

24.Glushkov A., Khetselius O., Ambrosov S., Bunyakova Yu., Mansarliysky V. The
use of microsystems technology "Geomath" to modeling the balance of the
angular momentum of the Earth, atmospheric processes and parameters of radio
waveguides: III. Nonstationary theory//Sensor Electr. and Microsyst. Techn. —
2013. - Vol.10, Nel. — P.22-28.

25.Glushkov A., Safranov T., Khetselius O., Ignatenko A., Buyadzhi V., Svinarenko A.
Analysis and forecast of the environmental radioactivity dynamics based on me-
thods of chaos theory: General conceptions//Environm. Problems. — 2016. —Vol.1,
Ne2. —P.115-120.

26..Glushkov A.V., Buyadzhi V.V., Ponomarenko E.L. Geometry of Chaos: Advanced
approach to treating chaotic dynamics in some nature systems// Proc. Intern.
Geom. Center. —2014. =Vol.7(1). — P.24-30.

27.Glushkov A.V. Relativistic Quantum Theory. Quantum mechanics of Atomic
Systems. —Odessa: Astroprint, 2008.

28.Khetselius O.Yu. Hyperfine structure of atomic spectra. — Odessa: Astroprint,
2008.

29.Malinovskaya S V, Glushkov A V, Khetselius O Yu, Svinarenko A A, Mischenko
E.V., Florko T.A. Optimized perturbation theory scheme for calculating the
interatomic potentials and hyperfine lines shift for heavy atoms in the buffer inert
gas//Int. Journ.of Quantum Chemistry. — 2009. — Vol.109, Issue 14. — P.3325-
3329.

30.Korsakissok 1., Mathieu A., Didier D. Atmospheric dispersion and ground
deposition induced by the Fukushima Nuclear Power Plant accident: A local-scale
simulation and sensitivity study// Atm.Env. —2013. — Vol.70. — P.267-279

102



Disuka aepoucriepcHux cucreM. — 2018. — Ne 55. — C. 95-104

byaoacu B.B., Cogpponxoe O.H., I'nymkos O.B.,
Xeueniyc O.10., [Tyoposcvka I0.B., Ceunapenro A.A.

HoBuii 6anaHcoBuii o eHTpomii, eHeprii i KyroBoMy MOMeHTY MiXija 10 Moe-
JIIOBAHHA KJIMATy Ta MAKPOTYpOYJIeHTHOI AuHaMiku aTMocdepu, TenjioMaco-
nepexHocy B Mmakpomaciuraéi. I. 3aransnmii gopmaiizm

AHOTALUS

IIpeocmasneni enemenmu H08020 6ANAHCOB8020 NIOX0OY OO MOOENIOBAHHI 2100ATLHUX
MeXaHizMI8 KIIMAMUYHUX | MAKPOMYPOYIEHMHUX AMMOCHEPHUX HUZLKOUACMOMHUX npOYe-
cig, y m.u., npoyecie menio-maco-nepeHocy , eghexkmis menexkonnexyii mowjo. OcHO8HUM NPoO-
yec-popmyrouum hakmopom € 83aemMo0isi mpuniemy cONmoni6. « RAAHEMAapHUl CONIMOoH
ocepeokie I aoness — KOMnIEKc ammocepuux Gpoumis — xeunboeoi nakem conimonie Pocc-
61». I1ioxio 3acHo6anuil Ha BUKOPUCMAHHI 6AIAHCOBUX CHIBGIOHOWIEHb NO eHMPONii, eHepeii i
KYMo8020 MOMEHMY, CneKmpaibHili meopii ammocgheproi makpomypoyienmuocmi i 801020-
obopomy y 36'a3Ky i3 HACMYNHICMIO opm ammocpepHoi yupkyiayii (meiekoHHeKYis, 2eHe-
3uc ¢pponmis). OonuMm i3 3acMOCy8aHb NIOX00Y € MOOETO8AHHS NPOCHOPOBO-Y4ACOBUX NONIE
ducnepcii 3a6pyoHI08ayis (Hanp., XIMIUHUX 3a6pYOHI08AYI6 MUNY 3'€OHAHb 3 2AN02eHAMU, PA-
Oionyknioie nicas asapiti na AEC muny @ykycimu i m.i.) 6 ammocghepi 3 ypaxyeanHam max-
POMYpOYIeHMHUX YUPKYAAYIUHUX HU3KOUACTNOMHUX NPOYeCIs.

byaoacu B.B., Cogpponxoe A.H., I'nyuxoe A.B., Xeyenuyc O.10.,
Jlyopoeckas FO.B., Ceunapenko A.A.
HoBblii 6a1aHCOBBIIT 110 IJHTPONHH, YHEPTUH U YIJIIOBOMY MOMEHTY MOJIX0/ K MO-
JNeJIMPOBAHUIO KJIMMATa U MAKPOTYpPOYJIeHTHOM AUHAMUKHU aTMocdepbl,
Tenj10-Macco-nepenoca B Mmakpomacuraoe. I. Q0wmmii popmanuzm

AHHOTAIIMA

Tlpeocmasnenst snemenmol 06020 OANAHCOB0O20 NOOX00A K MOOEIUPOBANUIO 2NI0OATLHBIX
MEXAHUBMO8  KIUMATNUYECKUX U MAKPOMYPOYIeHMHbIX AMMOCHEPHBIX HUSKOUACTHOMHBIX
npoyeccos, 8 m.u., NPOYeccos Menno-macco-nepenoca, sghgexmos menexonnexkyuu u op. Oc-
HOBHBIM NpOYecc-opMupyiouwum Gakmopom A6j1aemcs 63aumooelicmeue mpuniema con-
MOHO08. «NIAHemapHblil coTumon sueek I'adnes — 6ecb KoMnIEKe ammocgepuvix Gponmos —
801HO601L nakem conumonos Poccouy. 11o0x00 0cHOBaH Ha UCNONB306aAHUU DANAHCOBLIX CO-
omHoOweHUtl O IHMPONUY, IHEPSUU U V208020 MOMEHMA, CNEeKMPANbHOU Meopuu ammo-
cheproil MakpomypOyIeHmHOCIU U 671a20000pOMA 6 CEA3U C NPEeMCMEEHHOCMbIO POpM
ammocgheprol yupkyaisyuu (meiekoHHekyus, 2eHe3uc Gpornmos). OOHO u3 npumMeHeHuil noo-
X00a KIIOUAEn MOOeTUPOsaHIe NPOCHPAHCIBEHHO-BDEMEHHBIX Noell OUCHePCUll 3a2PA3HU-
meeil (Hanp., 3azpAzHumeneil Muna coeOUHeHUll 2an02eH08, PAOUOHYKIUO08 Nocle asapuil Ha
ADC muna Pykycumvl u m.0.) 6 ammocghepe ¢ yuemom MakpomypOyIeHmHbIX YUPKYIAYUOH-
HbIX HUBKOYACTMOMHbIX NPOYECCOB.

103



Dizuka aepoaucrepcHux cucrem. — 2018. — Ne 55. — C.104-111

VK 539.328

Sofronkov A. N., Khetselius O. Yu., Glushkov A. V.,
Buyadzhi V. V., Romanova A. V., Ignatenko A. V.

Odessa State Environmental University, Odessa
E-mail: a_sofronkov@ukr.net, okhetsel@gmail.com

New geophysical complex-field approach to modelling dynamics of
heat-mass-transfer and ventilation in atmosphere of the industrial region

New generalized approach, including an improved theory of atmospheric circulation in
combination with the hydrodynamic model (with correct account of turbulence in atmosphere
of the urban area) and the Arakawa-Schubert method of calculation of cloud convection and
theory of complex geophysical field is applied to the simulation of heat and air transfer in at-
mosphere of industrial region. The modelling ventilation data (mesocirculation) parameters
over territory of Odessa, as well as the area of the Fukushima power plant after 2011 acci-
dent are presented.

Introduction. Studying energy-, heat-, mass-transfer in continuous environ-
ments such as atmosphere or other geospheres, remains one of the most actual, com-
plicated and important problems of the modern physics of aerodispersed systems, at-
mosphere, climate and environment physics etc. The most difficult aspect of the
problem is modelling processes of energy-heat, air mass- transport, dissipative and
relaxation, self-cleaning, particles (for example, radioactive) deposition etc. [1-16].
At present time there is a number of different simplified models that allow to estimate
the temporal and spatial structure of air ventilation in an atmosphere, and as a rule,
these models are based on the laws of molecular diffusion, as well as a system of re-
gression equations [1-5]. The most of these models have a number of disadvantages;
for example, the known flare model or molecular diffusion models do not work if the
atmosphere contains elements of convective instability. Moreover, the majority of
the models are relatively simple and do not take into account the transience wind
field, the mutual influence of the many sources of pollution etc. More sophisticated
approaches such as different versions of the Lagrangian Particle Dispersion Models,
model of the European Center for Medium-Range Weather Forecasts (ECMWF) and
others [1-17] and Refs. therein) provide significantly more accurate results, however,
such approaches require very complicated simulation and very correct input parame-
ters data. Going on our studies [6,9,18-22], here we present an advanced approach to
the simulation of heat and air ventilation in atmosphere of an industrial region (so
called local scale atmospheric circulation complex-field (LACCF) approach). It in-
cludes an improved theory of atmospheric circulation in combination with the hydro-
dynamic forecast model (with quantitatively correct account of turbulence in the at-
mosphere at local scales) and the Arakawa-Schubert model of cloud convection.

Mathematical modelling an atmospheric ventilation. Our generalized ap-
proach is based on the Arakawa-Schubert model, modified to calculate the current in-
volvement of the ensemble of clouds [3,18-22]. To calculate the involving streams
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Fig 1. Flowchart of air mass transfer between the city and its periphery

(the real involving masses effect is created due to misbalance of vertical and down-
running streams), the Arakawa-Schubert equations system for humidity and warm
flow equations are solved [3,6]. Flowchart of the ventilation over the urban region
territory by air flows in a presence of the cloud’s convection is presented in Figure 1
and explains the key physical processes in a system.

Let us remind that the known effect of creation of the mesojets which are
formed in the ventilation currents as the Couette flows. If square of a cloud base is
smaller than a square of cross-section of the dry thermal top, than the ventilation cur-
rent can not be appeared due to a lack of power of a cloud in the formation of the in-
volvement meso-jets. If a square of the cloud base is substantially larger than a square
of cross-section of the dry thermal top, a ventilation current captures several dry
thermals, or else compensate a mass-balance current by an involvement current from
the periphery of the city. A signal of the destruction of the thermal air mass over the
city is the appearance of convective cloudiness over the city territory. Basically con-
vective clouds that move to the city territory, are formed by ridges on the secondary
fronts or in the lines of convective instability arising in the real synoptic processes.
On top of the thermal mass of the city there is no restriction in the air exchange in the
absence of a closed circulation there, "bordering" heat "hat" of the city. However, an
extract of the lower layer of air from the air basin of the city should take place
through a vertical convection current in a dry thermal. Indeed there is a complex pic-
ture of the anisotropic flow vortex structure over the urban region. The turbulent ed-
dies over the urban area must be in the interaction resonant contact with the turbulent
eddies of cloud-based arrays in order to obtain a successful air ventilation. In fact the
currents of the front convection must coincide with currents of thermal convection of
the city in the phase setting. The physical features of air ventilation predetermine the
necessary modification of the well-known Arakawa-Schubert model. The model in-
cludes the budget equations for mass, moist static energy, total water content plus the
equations of motion [3,6]:

E-p-Me o, (1a)
Oz
Ef—DSC—%-i-pLC:O, (1b)
Z
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. oM
Eq—DqC—a—prc:o, (10)

where £ is an inflow, D is an outflow, M = me,oi = pw,c — vertical mass flow of

air in the cloud; w; is an average (on the cross-section) speed in the i-th cloud, ¢ — ho-
rizontal cross-section square for the i-th cloud; o_, s, = c,T+gz,q.— weighted av-
erage values of vertical speed, statistical energy and the ratio of the mixture of water
vapor; §, ¢ — average statistical energy and the ratio of the mixture of water vapor in
the ambient air, p — air density; ¢ is an amount of the condensed moisture. If e is an

amount of evaporated moisture, L — specific heat of phase transitions, then the equa-
tion of heat and moisture influx will be as follows [3,6]:

%+vﬁ+ 6(Z?S) +pL(c—e)—a(pa$, (2a)
dpg  —  pog) o(po) ¢
= —_ —e)————. 2b
o +vpgv + . +p(c e) . (2b)
The spectral representations in ensemble of clouds:
E@) = [&(z0)m, (1)d, (3a)
D(z) = [d(z,2.)m, (1)d. (3b)

If 4 is a work of the convective cloud then it consists of convection work and

work of down falling streams in the neighbourhood of a cloud:
)"mmx

= [ meHkaar, @)
0
Here A is a speed of involvement, mp()) is an air mass flux, K(A, A") is the Ara-
kawa-Schubert integral equation kernel [3], which determines the dynamical interac-
tion between the neighbours clouds. In the case of air ventilation emergence, mass
balance equation in the convective thermals is as follows [6]:

dA/dt=d A/dt,,, +dA]dt,

lownstr 2

dA4/ dt

conv downstr

my() = FO) +B | myO)K (L)AL )

Here f is parameter which determines disbalance of cloud work due to the re-
turn of part of the cloud energy to the organization of a wind field in their vicinity,
and balance regulating its contribution to the synoptic processes. The solution of the
Eq. (2) with accounting for air stream superposition of synoptic processes can be de-
termined by a resolvent method:

my(1)=F0)+p [ FOTGusiPids, Thsp)=Yp" K s). (6

i=1
The key idea [6,18-20] is to determine the resolvent as an expansion to the Lau-
rent series in a complex plane C. Its centre coincides with the centre of the city’s
“heating” island and the internal cycle with the city’s periphery. The external cycle
can be moved beyond limits of the urban recreation zone. The Laurent representation
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for resolvent is provided by the standard expansion:

N ’ 1 QG _ 1 F iy
r=XaC-a" =5 ‘;35 o = 2m !F(e ye e, (7)
where a is center of the Laurent series convergence ring.

The method for calculating a turbulence spectra inside the urban zone should be
based on solving the system of equations for the Reynolds tensions, moments of
connection of the speed pulsations with entropy ones and the corresponding closure
equations [19, 22]. The important parameter of the turbulent processes is the kinetic

energy of turbulent vortices b” =u/u/ , which can be found from the equation (with
physical explanations of any term):

2
b + oub + i(u,iul.’u’. + 2u,ip’) = - 2u,iul.’% ~ 2500 8)
ot ox, ox, ! ox, 0,
Advection Turbulent Effect of forces of the Interaction: Accounting
diffusion tension Reynolds tension- for swimming
averaged motion forces

Here g is the magnitude of the acceleration vector due to the planet’s gravity, 6,
is the equilibrium potential temperature, 0’, p’ are departures from equilibrium val-
ues. The speed components, say, v,,v,, of an air flux can be determined in an approx-
imation of “shallow water” [6]. In contrast to the standard difference methods of so-
lution, here we use the spectral expansion algorithm [24,25]. The necessary solution,
for example, for the v, — iv, component for the city’s heat island has the form of ex-
pansion into series on the Bessel functions.

From the other side, a air flux speed over a city’s periphery in a case of convec-
tive instability can be found by method of plane complex field theory (in analogy
with the Karman vortices chain model) [6,19]:

PR A U B SR ~ 1 1 dlN _
v, —iv, i zm{ +Z( HerC{;Fkln(g bk)}.(9)

+
Q‘Qo k=1 C‘Co —kl Q‘Qo +kl

Here I'; —circulation on the vortex elements, created by clouds, b; — co-ordinates
of these elements, I — circulation on the standard Karman chain vortices of, / — dis-
tance between standard vortices of the Karman chain, £ — co-ordinate of the convec-
tive perturbations line (or front divider) centre, {, — k/ — co-ordinate of beginning of
the convective perturbation line, {y+k/ — co-ordinate of end of this line. The indicated
parameters are the input model ones.

Equating the speed components determined in the shallow water model and
model (9), one can find spectral matching between the wave numbers that define the
functional elements in the Fourier-Bessel series with the source element of a plane
field theory. Let us underline that using this procedure allows significantly to simpli-
fy a solving the whole problem. It is also worth to remind that any vector field u can
be separated into rotational and divergent parts, i.e., v = Vy + u, (the Helmholtz’s
theorem). If the vector field is a horizontal wind, one can define a current functiony,
to express the rotational part, and a velocity potential y, to express the divergent part.
Namely these parameters are of a great interest in applied analysis of an air ventila-
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Fig. 2. (a) The potential of ventilation, (b) The current function (see text)

tion in the urban zone. Below we present the results of test computing the air ventila-
tion parameters for some complicated synoptic situations in the Odessa city.

Some results and conclusion. The modelling has been fulfilled with using
natural and model data on a cloudiness and convection and the “Geomath” PC code
[6,18-23] has been used. The data of modelling an air flux parameters over the terri-
tory of Odessa (model synoptic situation), as well as the area of the Fukushima power
plant after accident are presented. The corresponding model situation on cloudiness is
absolutely real. Basically, it was assumed that the clouds (designed as black squares)
run from the sea by two lines of convective disturbances and penetrate deep into the
Gulf of Odessa. The distance between the convective clouds was assumed to be 300
to 700 meters. The figure is oriented so that the sea is in the right part, the borders of
a figure are corresponding to the borders of Odessa city. Approximately one can as-
sume that the contours of complex potential reflect the variation in time of the speed
field, namely 0.5 m/s for an hour. Density of current lines is adequate to the flows
speed, about 1 m/s to 0.5 cm of gradient in Figure. Analysis of the potential function
gives the following: if v_ >0, the speed rate increases in the direction of positive foci
(and similarly on y).

This means that the potential function draws flow in positive foci. The direc-
tion of flow is obtained from the definition of the current function, i.e ., v, >0, if

0p/dy >0. It means an availability of positive foci of the current function from a

flow direction. The isolines in Figure 2 are not signed, as modular values depend on
many factors, notably than intensity of convection, which determines the involvement
currents power and density of cloud arrays. In whole, ventilation is manifested in the
focal point from the sea side. The field of the current function in Fig.2b in this case is
consistent with the field of the ventilation potential.

Another application the LACCF approach is studying the air mass ventilation
in the region of the Fukushima nuclear power plant (FNPP) after accident of Marc
2011. We have carried put calculation of the ventilation potential and the current
function at FNPP analogously to the previous ones and compare the obtained data
with the similar theoretical ECMWEF model data and observed ones (see [26-27]).
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The detailed analysis will be presented in the separate paper. Here we only note that
the ECMWF modeled air transfer speed is often higher than the observed values,
which is consistent with the difference in heights between observations [27]. While
the LACCF1 our data (model parameters, taken according to methodics [6]) are not
in good agreement with the observed data, on the contrary, LACCF2 our data (cali-
brated parameters are corresponding to real meteodata) are quite realistic in agree-
ment with the observed ones. That is significantly provided by using the real input
parameters values. During March 15, the LACCF 2 data indicate the realistic (north-
north-west) air mass (plume) travel direction, whereas the ECMWF modeled direc-
tion is mostly west. Obviously, the approach presented can be effectively used in
quantitative studying a local scale atmospheric ventilation (air mass transfer), howev-
er, as minimum, its further development requires an improvement of the input para-
meters values choice, possibly using more correct approximation of the “shallow wa-
ter” model, atmospheric turbulence modelling, region orography accounting etc.
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Cogponxos O.H., Xeyeniyc O.10., I'nywkos O.B.,
byaoowcu B.B., Pomanoea I'.B., Iznamenko I'.B.
Hoguii reoizuuHuii KOMIIEKCHO-N0JLOBUI MiAXiJ 10 MOJeTIOBAHHS JMHAMIKH
TeMJI0-Maco-NepeHocy Ta BeHTHJIsIUI B aTMocdepi NpoOMHCIOBOI0 periony

AHOTAIIA

Hoeuil y3azanvnenutl nioxio, wo 6Knoyae 600CKOHANEHY Meopilo ammocpepHoi eeHmu-
JAYEL 6 NOEOHAHHI 3 MOOENIO 2I0POOUHAMINHO2O NPOSHO3Y (3 KUIbKICHUM YPAXY8AHHAM Myp-
oynenmuocmi 6 ammocepi micokoi mepumopii) i memooamu meopii KOMNIEKCHO20 2e0qi3u-
uHo20 nons ma Apaxasu-Illybepma po3spaxyHky KyuKogoi KOHEeKyil 3acmocosano 00 Mooe-
JIOBAHHS MENNI0-MACO-NEPeHOCy ma NOGIMPSAHOL GeHMUNAYIT 8 ammochepi npoMUcIo8020 Mi-
cma (peziony). [Ipedcmasneni pe3ynomamu MOOeNI08AHHs NAPAMEMPI6 NOGIMPAHOT GeHMUNA-
yii  (mezoyupryasayii) Hao mepumopicio M. Odecu, a maxKoxdc patloOHOM aMOMHOL
enexkmpocmanyii Pykycima.

Coghponkos A.H., Xeuenuyc O.10., I'nymros A.B.,
byaoscu B.B., Pomanosa A.B., Hecnamenko A.B.
Hosplii reogusuvecknii KOMILIEKCHO-I0J1EBOI NMOAX0/ K MOJEJIUPOBAHUIO
JUHAMUKH TEIJI0- MACCO-TIEPEHOCca U BEHTWISUM B aTMOCc(epe
NMPOMBIILIEHHOT0 PerHoHa

AHOTAIIMA

Hoeviii 0600wennblii 100X00, BKIIOUAIOWUL YCOBEPULEHCTNBOBAHMYIO MEOPUIO AMMO-
cheproll YupKYIAYUU 8 COUEMAHUU C MOOENbIO 2UOPOOUHAMUYECKO20 NPOSHO3A (C KOAUYecm-
6€HHO KOPPEKMHbIM YYemom mypOyIeHmHOCmU 6 ammocgepe 20pOOCKOU meppumopuul),
meopuetl NI0CKO20 KOMNIEKCHO20 2e0u3uiecko2o noia u memoodom Apaxasa-Lllybepma
pacyema 061a4HOU KOHBEKYUU NPUMEHEH K MOOeTUPOBAHUI0 MENJIO- MACCO- NEPEHOCd U 803~
OVWIHOUL BEHMUNAYUYU 8 AMMOCHepe NPOMbIULIEHHO20 20poda (pe2uona). Ilpedcmaenenvt pe-
3YILMAMbL MOOEIUPOSAHUS. NAPAMEMPOS BO30YUIHOU SEHMUTAYUU (ME3OYUPKYAAYUL) HAO
meppumopueii m. Qdeccwvl, a mak’ce paoHoM amoMHOU 3nekmpocmanyuu Pykycuma.
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MeToauKa 30HI0BOI JUATHOCTHKH IJIa3Mbl CBAPOYHOI0 a3P030JIs

Paccmompena 6o3modicHocms npumenenus 30H008bIX USMEPEHUL 6 NIA3Me C8aPOUHO20
asposons. ObHApYIHCeHo, YMO NAA3MA CEAPOUHO20 AIPO30JS. COOEPAHCUN MOTLKO NONOINCU-
MENbHO 3aPAdICEHHbIe UOHBL U OMPUYAMENbHO 3apadcentble yacmuysl. IIposedeno Komnvio-
mepnoe MoOenuposanue N06eOeHUs CUSHANA 30H0A 8 UOHHO-NbLIeGol naasme. Ilpeonosicena
MemoouKa 06pabomku 30HO0BbIX USMEPEHULL 8 NIA3ME CBAPOUHOLO AIPO30JIL.

Beenenue. Onucanyue B3aMMOAEHCTBUSL OJUHOYHOIO 30HIA C IUIA3MOM Cylle-
CTBEHHO 3aBHCHT OT 4Hcia KHynceHa, KoTopoe OnpenesseTcsi OTHOIICHHEM JJIHHEI
cBoOOIHOTO TIpoOera HOCHTENEeH 3apsia A K XapaKTepHOMY pa3Mepy 30HIa Lp:

Kn=A/L,. B cny4ae OecCTONKHOBUTENBHON MasMbl Kn >> 1 M UX B3aUMOJIEHCT-

BHE ONHCHIBacTCs B JICHTMIOpOBCKOM TpuOmmkenuu [1]. B aTom ciaydae paBHOBec-
HOE 3HaYeHHE IMOTEHIMANTa OJWHOYHOTO 30HMA, KOTOPOE HAa3BIBACTCS IUIABAIOIINM
MOTEHIIUAJIOM, OMpeaessieTcs 0aJaHCOM MOTOKOB AJIEKTPOHOB M MOHOB IUIa3Mbl Ha
30H]!

m

kT
=—In—¢, 1
¢, 20 (1)

i
rae k - mocrosHHas boneumana, 7' - TeMneparypa IUIasMbl, € - 3apsj JJIEKTPOHa,
m, - Macca 3JIeKTpoHa, m, - Macca WoHa. IIpenmonaraercs, 4To H30TepMHYECKAs
I1asMa COIEPKHUT OJUH COPT OJHO3APAJHBIX IIOJIOKUTEIBHBIX MOHOB M SBJIIETCS
HEUTpalbHOU, TO €CTh CPEJHUE KOHLEHTpAaUUM OJICKTPOHOB U HOHOB PAaBHBIL:

n,=n; =n,, TIE n, - HEBO3MYILIEHHAs KOHIEHTpauusa. IlnaBarommi NOTEHIMAI

MMEET OTPHLATEIFHOE 3HAYEHNE, TaK KaK Macca HOHA ropasfo OOJbIIE MAcChl 3JIeK-
TpOHAa.

B cronkHOBUTENBbHON Mna3Me (Hampumep, TepMuueckas miasma) uucio Kuayn-
ceHa Kn << 1 u Teopus 30HAa JIeHrMIOpa CTaHOBUTCS HEIIPUMEHUMOM. boiee Toro,
MOBEPXHOCTh 30HJA BIMAET HA MOHM3ALMOHHOE PABHOBECHE IIA3Mbl, TaK KaK He
TOJILKO MOTJIONAET U SMUTHPYET JIIEKTPOHBI, HO M SIBJIAETCS JOMOJHUTENBHBIM KaHa-
JIOM MOHHM3AlMK aTOMOB U PEKOMOMHAIMK MOHOB I1a3Mbl. C y4eToM 3THX (hakTopoB
TIaBAIOIINI TIOTEHIUA 30HJAa B CTOJIKHOBHTEIILHOM ILIa3ME OIUCHIBAETCS ypaBHE-
HUeM [2]:

Mo exp M_Hh& :2ch&—l,
kT 4kT kT

e
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Puc. 1 Tunmasbpiii curHan OIMHOYHOT' O 30H/1a, NPOCTPEIMBACMOr0 4€PE3 IJIa3My
CBAapO4YHOr0 a’po30Jid

2N3/2 93
rae v, =2(mkT /21h°)"" — > eKTHBHas MIOTHOCTb COCTOSHMUI di1eKTpoHa, W, —

paboTa BBIXO/a JJIs MaTepuaia 30H1a. B 9ToM ciyuae riaBaroInil MOTEHIIHA TAKKE
HUMEET OTPHIATEILHOE 3HAYECHHE U MOYKET OBITh OMUCAH AMITPOKCUMHPYIOLIMM BBbI-
paXkeHreM

kT ny W

2| In+—
b e\ v, kT

e

@

30H/I0BbIC M3MEPEHUs B 00JacTd ()OPMHUPOBAHMS MEPBUYHBIX HAHOMETPOBBIX
gacTuil (TemnepaTypa miazMel 1700-2500 K) npu 37eKTpoIyroBoii CBapKe METAIIIOB
B 3alIHTHOM Ta3e MOKa3ajH, YTO MOTCHIMAJ] OJWHOYHOTO 30HIA IOJIOKHUTEICH
(puc.1), U3 Wero ciemyer, 9YTO MOTOK IOJIOKUTEIBHBIX HWOHOB HA 30HJ IPEBBIIIAET
MOTOK 3JICKTPOHOB. DTO O3HAYACT, YTO 3JCKTPOHOB B ra30BOi (ha3e 3HAYUTEIHHO
MEHBIIIC HOHOB, TO €CTh ra30Basi (pa3za mpecTaBiasieT CO00H HOHHO-MIBUICBYIO IUIa3MY,
rae OoJblasi 4acTh AIEKTPOHOB 3aXBaueHa YacTULAMU, IPU 3TOM OTCYTCTBHE DJICK-
TPOHOB B ra30Boii (ha3e HE MO3BOJSCT PEATU30BATHCS HOHU3AIMH JICKTPOHHBIM yia-
pom.

YacToTa CTONKHOBEHHH CBOOOJHBIX IJIEKTPOHOB C YAaCTHIIAMH HAMHOTO OOJIb-
mre, 4eM ¢ noHaMu. [loaToMy, B pe3yipTaTe CIopagTidecKiuX CTOIKHOBEHHUIH 3JIEKTPO-
HBI MTOTJIOUIAIOTCS YaCTUIIAMH, KOTOPbIE MPUOOPETAIOT OTPULIATENILHBIN 3apsil.

30H1 B TakoH IUTa3Me HE MOXKET pacCMaTPUBATHCS B paMKaX PaBHOBECHOU TeO-
pun. IloHATHe miaBaromIero MOTEHIMAaja K TakoMy 30HIy HempuMeHumo. Mmeer
CMBICJI TOBOPUTH TOJIBKO O TOKE MOHOB Ha 30H]] U OIMCHIBATh B3aMMOACHUCTBUE 30HA
C IUTa3MOM CBAPOYHOTO a3PO30JIsI CIIEAYET B paMKaX HecOalTaHCHPOBAaHHBIX MTOTOKOB.
Hacrostmast paboTa mocBsiiieHa MOJISIMPOBAHNIO B3aMMOICHCTBHS 30HIA C MOHHO-
MIBIIEBOH IITa3MOi B pa3paboTke METOANKH 30HI0BOM TMATHOCTHKY IUIa3MBI CBApOU-
HOTO a3p030J1s1, 00pa3yIOMmEeHCs IPH IEKTPOIYTOBOH CBAPKE METAIIOB B 3aIIUTHOM
rase.

Tok 30HA2 B MOHHO-NIbLIEBOH MUIa3Me. 30HAOBBIE U3MEPEHUST IPOU3BOISATCS
IyTeM NpOoCTpelsia 30HAa yepe3 o0iacTh, 3aHuMaeMyto miasMmoil. Ilpu Bxoxe B 00-
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J1aCTh IUIA3Mbl 30H] MMEET TeMIIeparypy okpyxkaroiuero sosayxa 7, ~ 300K, Toraa
KaK TeMIiepaTypa Iasmsl [ 3]

~T,)exp—o0—, 3)

mix "~ mix
U NIPU 3JIEKTPOJYrOBOH CBapKE METAJUIOB B 3allMTHOM T'a3e MOXET M3MEHSTHCS B
auanasone 7, ~1500-2700K B 3aBUCHMOCTH OT PAacCTOSAHUS MEXK/LY TOUYKOH H3Me-

T,=T,+(I,

ap

penuss u gyroi r,. 3gece T, =300K - TemmepaTypa OKpYy)KaroLel cpensl,
T,, ~3000K - magampHas TeMmIepaTypa IHOTOKa IMapoOB CBAPOYHBIX MATEPUAJIOB U3

vap

30HBI AyIH, T, . = 1.7Mc - TIOCTOSTHHAS BPEMCHH CMCIICHUA IIOTOKA IMapoOB C 3alllWT-

mix

HBIM Ta3oM, v, .~ 1.5M/c - cpeaHsisi CKOPOCTh TIOTOKA Mapora3oBOil CMECH B 001acTH

mix
M3MEpEHHSI.
W3 ycnoBus morsomeHus 3apsaaa (HeWTpann3aliii) HOHOB TOBEPXHOCTHIO 30H-
Jla CIIEYEeT, YTO MX KOHIICHTPANHXs y TIOBEPXHOCTH 30HIa paBHa HyI0. Takum o0Opa-
30M, BOJIM3U MOBEPXHOCTH 30H/IA CYIIECCTBYIOT IPAJUCHTHI TEMIICPATYPhI U KOHIICH-
Tpallll MOHOB, KOTOPBIE OMPENENIOT MX AU(P(PY3MOHHBIH MOTOK HA TOBEPXHOCTH
30H7A:
. D 1
J, ==V, T)=DVn,+Dn—VT, 4
T T
rae D, - xoadunuent quddy3uu HoHOB.
HarpeB 30HIma mpoMCXOOUT MyTeM Iepenadd >Heprud HoHamu. [losTomy oba
rpaaueHTa B (4) onpeaensatoTes JTUHONW CBOOOTHOTO podera HOHOB,

, T,-T,.
Vi, =%, VI =2
A, A,
VuureBasg, 4ro  koddpdunuent  mgudpdysuu D, =(1/3)Av,, rIe

vy =/8kT,; / 7m; — TemnoBas CKOPOCTb HOHOB, U3 ypaBHEHUS (4) cieLyer:

T,-T T
Ji :lnivTi 14— :lnivn_pl' ®)
3 T, 3 T,

Hapsiny ¢ motokom (5) mpu pacuere TeMriepaTypbl 30HAA CICIYET yYHTHIBATH
MOTOK aTOMOB Ha 30HJ, KOTOPBIA OMPENENACTCS TOJBKO TPATHEHTOM TEMIICPATYPHI
(KOHIICHTpAIMsI aTOMOB Y TIOBEPXHOCTH 30HIa HE3HAUHTENHFHO IPEBHIMIACT HX KOH-
LEHTPANUIO B 00bEME TIIa3MBbl 33 CUET HEUTpAIN3allii HOHOB, HO 1, >> 1;, U TAKUM
pa3IMYreM MOXKHO NpeHeOpeyb):

ja E%navTa w’ (6)
pr
rie v, = v, - TeIUIOBas CKOPOCTb aTOMOB.

U3 ypaBreHus (5) ciueayeT, 9TO MOTOK MOHOB HA 30H[ 3aBHCUT OT OTHOIICHHUS
TEeMIepaTypsl IIa3Mbl K TeMITepaType 30H1a. MakcUMallbHOE 3HAYCHHUE TIOTOK UMEET
MPY BXOJIC 30H/a B IUIa3My, KOT/Ia TEMIIepaTypa ero MUuHuManbHa. [lo Mepe mporpe-

Ba 30HJa MOTOK MOHOB YMCHBINACTCS BIUJIOTH 4O 3HAYCHMA, OJIM3KOTO K TNIOTOKY CIIO-
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paguyecKuX CTOJIKHOBEHUH (1/4)n, vy, 4TO COOTBETCTBYET PE3yNbTaTaM U3MEPEHUH,
MpeACTaBIECHHBIM Ha pHc.1.
W3mepsieMBlii CUTHAT HA OMUYECKOW HArpyske R, paBeH
Upr = RprSpreji7 (7)
e S, = mﬂjr +27r,,L, — TIOaab IOBEPXHOCTH 30H/A, 7', — PAJUyC LUINHIPH-

YCCKOro 30H/1a, Lp,. — €TI0 AJIMHa.

HNonnzaunonHoe paBHoBecHMe B MOHHO-NIbLIEBO# mia3me. B MmHOroxommo-
HEHTHOH TUIa3Me CBapOYHOTO a’pO030Jisl PaBHOBECHAs KOHIIEHTPAIUS aTOMOB j-TOTO
KOMITOHEHTa OCTBIBAIOIICH Mapora3oBOil CMECH B OKPECTHOCTH 30HJA OTPEICIIICTCS
Kak [3]

_ 8o
7gj7 gj_

M40 = _
/ kTpl ; szgjo +h T\‘:ap Tpl

T W T,
roe P — aTMOC(I)epHOC JaBJICHUE, g;, — Ha4daJIbHas MaCcCoOBas ILOJ‘I?Ij-TOFO KOMIIOHCH-
Ta B Mapax (onpez[en;{eTc;{ COCTaBOM CBAapHUBACMBIX MaTepI/IaJ'IOB), },lj — €TI0 MOJICKY-

JSIpHAs Macea, |, — CPEAHSS MOJEKYISIpHAsl Macca OKPY KAIOIIEH Cperibl.
B pesynmpTaTe KOHOEHCAIIMM YacTh aTOMOB j-TOTO KOMIIOHEHTa HEPEXOIUT B
o 3 .
KOHJICHCHPOBAHHYIO a3y (B KaXKIOH 4acTULe COAepKUTCs 4nr,pg; /3m, aTtoMOB j-

TOrO KOMIIOHEHTA [1apora3oBoil CMECH, TA€ 7, — CPEIHUN pajuyc 4acTULbl, p — ee
IUIOTHOCT, 71,; — ATOMHAs MAacca j-TOro KOMIOHEeHTa). Toraa KOHUEHTPALKs. aTOMOB

J-TOTO KOMIIOHEHTA B OCTBIBAIOLIECH MApora3oBOM CMECH, COIAEPIKalled YaCTHUIBI CO
CPE/IHEH KOHLCHTPALMEH 71, , ONPEIEIISICTCs ypaBHEHHEM

P 4mrpn,
kT, 3m

BBuay oTcyTcTBHS 31€KTPOHOB B ra30BOi (ha3e (YacTHIBI MMEIOT OTPHIATEINb-
HBII 3apsf), CyLUIeCTBYeT TOJBKO ABa KaHajla MOHU3AIMU aTOMOB: Y D-HOHU3aIMA U
MOBEPXHOCTHAsI HOHU3ALMS, U OJWH KaHAJI PEKOMOWHALMM 33 CUET CIOPaINIECKHX
CTOJIKHOBEHMH MOHOB C YaCTULAMU U HEMTpain3auyeil HOHOB.

B nanpHelimeM aist NpOCTOTHI OyJieM CUUTaTh, YTO MApOra3oBasi CMeCh COJep-
JKUT TOJIBKO OJMH KOHIEHCUPYIOIIUIICA U MOHU3UPYIOIIUIICS KOMIOHEHT — JKeJIe30
(cBapo4Hast MPOBOJIOKA coAepkUT 6omnee 97% Fe).

B TaxoMm ciydae, MOBEpXHOCTHAs HOHM3ALUS aTOMOB OINPEENAeTCs YPaBHEHU-
em Caxa-Jlenrmropa:

n,=§; (8)

a4

n, _Z, Wp -1
o, =—%=—Lexp—~—
S oon > kT

as a

; ©
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rIe n;

ig» 1 N, — KOHICHTPAallMM MOHOB M aTOMOB JKCJI€3a Y NOBEPXHOCTH YaCTHUIIBI,

Zi n Za — UX CTaTUCTUYCCKHUEC BCCA, 1 — moTeHIIMAI HOHU3AIHK KEJIE3a, Wp — pa60-
Ta BbIXOJa JId MaTepHrajia 4aCTUll, B TAaHHOM CJIy4dac - JKeJie3a.

Torpma MoxxHO onpeAcINTb U3MCHCHNC KOHIICHTPAM MOHOB KEJI€3a B IJIa3ME:

dn. )
i .
dt - nATEru jph + nAnvaaGupo“x - ninvaiGipyx H (10)

rae r, — paAuyc aToMa Xejesa, j ph — INIOTHOCTH [IOTOKA (OTOHOB C 3HEprueH, mpe-
BhIIatonie 7.9 »B (MOTeHIMAT HOHHM3AIMA Kelle3a), G,, — CCYCHHE CTOIKHOBCHHUS
aToma C 4acTHIIeii, G,, — CCUCHHE CTOJIKHOBEHUI MOHA C YACTHULIECH, 77, — KOHLICHTPA-

1M1 HOHOB eJie3a B aporazoBoil CMecH, /1, — KOHLIEHTpPAIUsl aTOMOB JKelle3a B I1a-
porazoBoii cmecu (8), v, ~ 0.05 - k03 HUIHEHT TOBEPXHOCTHON PEKOMOUHALIUY HO-
HOB [4].

YcnoBue 21IeKTPOHENTPATILHOCTH HOHHO-TIBUIEBOH IUIa3Mbl 1, = Zn , (Z — 3apan
YacTUL[ B BJIEMCHTAPHBIX 3apsax) MPEeIIoJaraet, 4To Mmpu 7; <n, 3apsijl YacTHIl

‘Z ‘ <1, To ecTh 3apspKEHBI 1aneKko He Bce yacThlibl. [03TOMy, BO-TIEPBBIX, IPHU OTIpe-
JICIICHUN CEYCHUI CTOJKHOBCHHII MOYKHO IpEeHEOpeYh KYJIIOHOBCKHM B3aUMOJEHCT-
BUEM H ONPEJCIUTh G, =G, = 7trp2 , BO-BTOPBIX, IPEHEOPEYh MOTCHITUATLHBIM 0aph-
€pOM Ha IpaHHLE MIa3Ma-4acTHIA U IPUHATD 1, =7, .

B cocrostHun noKanbHOrO paBHOBECUS dn,/dt =0 W CTENEHb MOHU3ALMU aTO-
MOB JKeJIe3a B IIa3Me CBAPOYHOTO a3p030JIsl ONPECIIICTCS YpaBHEHUEM

2 .
ﬂ_as n]ph

=2y _tadm (11)

> .
nA Ys nprp vTaYs

Temneparypa 3onaa. Harpe 30H7a Onpenessiercsi MPUTOKOM Teruia 3a CUer
SHEPruu, NEPCHOCHUMOW HOHAMHU U aTOMAaMH Mapora3oBOil CMECH Ha 30HI U OTTOKOM
TEIUIa 332 CYET TEPMODIICKTPOHHON dMHUCCUH (MCIIapEeHHEM MaTepHaia 30HIa IpU U3-
MepsieMBIX TeMIEpaTypax MOXKHO HpeHeOpedb) U TEIIONPOBOJHOCTH 30Ha. [10TOK
MOHOB (5) MEPEHOCHT Ha 30HJI CBOIO KMHETHYECKYIO dHepruto 37, /2 w noteHum-

ANBHYIO SHEPTHIO, PABHYIO Pa3HOCTH MEX/Ty MOTCHIINAJIOM HOHU3AIMu [ ¥ paboToit
BBIXOJIa 3JICKTPOHA n3 Matepuaina 30u1a W, [5]. [InoTHOCTH MOTOKA SHEpruy, mepe-

HOCHMOM HOHaMH, paBHa

1 T, 3
T, :”"’nTP(I -w, +2kTP,].

1 1
3 or
IInoTHOCTH NOTOKA 3HEPIUM, IEPEHOCUMOM aTOMaMU PaBHA
1 T,-T
_ P pr
r, _EnAVTa 7T kTpl,

pr
T7ie KOHIEHTPANns aTOMOB 1, onpeznernsiercst hopmyoi (8).
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TepMoaﬂeI(TI)OHHaﬂ OMHUCCHA C MMOBEPXHOCTHU 30HAA OPEACIACTCA TIOTOKOM Pu-
IIElpZ[COHEI—I[3IJ.IM€1HEIZ

.em 4Tcme (kj;r )2 _prr 1 - pr
]e = 3 exp = _VevTe exp s
(2mth) kT 4 kT

pr pr

rae v, =2(mkT,, / 2nh*)*? — sddexTuBHAs IIOTHOCTE COCTOAHMIL SNEKTPOHA, m, —

Macca JJIeKTpoHa, /i — mocTostuuas [lnanka, v,, =, /8kT, /mm, - TemIoBAas CKOPOCTH

AIEKTPOHOB.
DJIEKTPOHBI MIEPEHOCAT IHEPTHIO, INIOTHOCTH MOTOKA KOTOPO paBHA

-em 3
r,=j¢ [Wp, +2kTp,,).

OTrok Temna 3a CYET TEILUTONPOBOJHOCTH 30HJA OMNPEAENIAETCS TI'PaJHeHTOM
TeMIIEpaTypsl BAOIb 30HIA

rae k — kKo3(Q(UIUEHT TEeIIoNpoBOJHOCTH MaTepHana 30HAA, L — XapakTepHas
JUIMHA 30H]Ia BMECTE C DJIEMEHTAMHU €TI0 KpeIUIeHHUs].
Io nopsiaxy BenM4MHBI MOTOK aToMOB I, >>T"

TepaTyphl 30H/Ia OTpeIeNsIeTCS ypaBHEHHEM

FE , IOOTOMY U3MCHCHHUEC TCM-

ion?

ar, 1 4o,
e p,V,c, dt
S T,-T, T, -T
PN R e ] (12
ppr prcpr pr

_ 2
rae Q - KOIM4ecTBo Temia, V, =nr, L, —00beM 30H1a, P, — €ro IIOTHOCTb, C,, —

pr

€ro yACJbHasd TCIIJIOCMKOCTb.

Pesyabrarbl m3Mepenuid. O0paboTka OCHHIIIONPaMM 30HIIOBBIX H3MEPEHUM
MIPOBOIMIIACE ITyTEM ITO00pPa MapaMeTPOB MAPOTa30BOH CMECH TaKMM 00pa3oM, 4To-
Obl paccynTaHHOEe M3MEeHeHHe curHana 3ou1a (7) U, (f) coBnajano ¢ n3MepeHHOH

3aBUCHUMOCTbIO U, (¢). Uepe3 IuIasMy CBapOYHOIO a’po30is, oOpasyromieiics Hpu
3JEKTPOAYTOBOI HaIIaBKe HU3KOYTIIEPOJUCTON cTanu B 3amuTHoM rase (U =20.5 B,
I =95+5 A, ckopoctb mogauu npososioku CBOSI2C — 9.2cm/c, pacxon CO, —
10 n/MMH), Ha pacCTOSHUU 7, OT CTONOA IYTH CO CKOPOCTBIO 23 cM/C MPOCTpeIInBa-
Jach CHCTEMa JBYX OJMHAKOBBHIX 30HJOB, PACIIOJIOKCHHBIX Ha paccTosHun 0.2 MM
Ipyr ot apyra. OfuH 30H] 3a3eMJICH U SBILIETCS OIIOPHBIM, BTOPOH — 3a3eMJICH Yepes3
HArpy304HOE COMPOTHBIEHNE R, W SBISETCS n3MepurenbHbM. Temnepatypa mas-
MBI CBapOYHOTO a3pO30JisI B TOUKE U3MEPEHUs BhIYHCIsIach mo Gopmyie (3). Cpen-
Hss CKOPOCTb IIOTOKA IUIa3Mbl B OONAcTH M3MepeHHs v, =1.5M/c U HOCTOsHHAas
BpEMEHHU CMEIIEeHNs T,, =1.7Mc ONpeesIuCh He3aBUCUMBIMU U3MEPEHUAMM.
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g | 0.9
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Bpewms, t (mc)
Puc. 2 V3amepeHHbIe 1 pacCUMTaHHBIE 3HAUCHUS CUTHAJIA 30H/1a

Tabauua 1. [Tapamerps! ma3Mbel CBAPOYHOTO a3PO30JIs

[lnoTHOCTH MOTOKA POTOHOB, J 2%x10% cm 22
Temneparypa B Touke u3MepeHus, 7, ol 2000 K
KoHnueHTpanus HOHOB, 7, 1.1x10"em™
KoHueHTpanus aTomoB, 7 2.5x10%em™
HcxoaHast KOHICHTPALUS aTOMOB, 71 4, 9%x10"7cm™
KoHueHrparnwms gactui, # » 108 em™3
Panuyc gacru, 7, 1.4 um

Curnan 30H1a peructpupoBaiics nudpossiM ocumntorpagom DSO3204 (Han-
tek, Kuraii) u nepenaBaincst B koMmiprotrep. M3 Bcero Habopa M3MEpeHHBIX 3HAYCHHI
CUTHaJIa BBIpE3ajics BEKTOP, Ha4albHOE 3HAUYE€HHE KOTOPOTO COBIIATAET C MaKCHUMY-
MOM CHTHAJIa, YTO COOTBETCTBYET BXOJY 30HIA B IU1a3My. [Ipu 3ToM Temmneparypa
30H/Ia COOTBETCTBYET TEMIICPATYPE OKPYKarOIIeH cpebl. [1Jis UCKITIOUCHUS BBICOKO-
YaCTOTHOTO MIyMa YCPEIHSIINCH TIEPBBIC 3HAYCHUS U TI0 PE3YNIbTHPYIOUICH BETHIHHE
U, ompenensiach KOHLEHTPALMs HOHOB

3,U,,
n=—-0"0
ev, T pIRprSpr

Ha puc.2 npuBeneHsl pe3ysibTaThl U3MEPEHHUS U KOMITBIOTEPHOTO MOJICITUPOBA-
HUSl CUTHAJIa 30HJa MPH: JUIMHA 30HIa Lpr =0.2MM, nuameTp 30HAa d o= 0.35mmM,
COmpoTHBIIEHHE HAarpy3ku R, =8000M, paccTosHue OT cTO0a AyrH 10 TOYKH H3-
MepeHus 7, =1.5Mm.

Hawnyuawee coBnanenne pacuetnoit U, (¢) n 9KkCriepuMeHTanbHoi U, (f) KpH-

BBIX HAOJIOAAETCs, €CIM MPUHATH MapaMeTPhI INTa3Mbl, 0TOOpayKeHHbIE B Ta0. 1.
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Takum 00pa3zom, MOJIEIMPOBaHKE 30HIOBOTO TOKa B MOHHO-IIBUICBOM IUTa3Me U
YpaBHEHHE YHEPTeTHYECKOTO OajaHca M3MEPUTEIBHOTO 30HAA IO3BOJSIOT OLCHHUTH
KOMIUIEKC OCHOBHBIX ITapaMeTPOB Ia3Mbl CBAPOYHOTO adp030Jisl B TOUKE H3MEPEHUSI:
TEeMIIepaTypy IUIa3Mbl, KOHIICHTPAIIMIO HOHOB M CTEIICHh MOHHM3ALWH TUIa3MBbl, KOH-
HEHTPALNIO YaCTHUI U X pa3Mep.

3axurodenne. J{s 1a3Mbl CBAPOYHOTO a3p030JIs NMPEUIOKEHA B alpoOHpoBa-
Ha METOJIMKA 30HIOBBIX M3MEpPEHH, OCHOBaHHAs HA M3MEPEHHU MOTEHIMaa JIBU-
JKymierocst 30HAa. [lokazaHo, 4To IIIa3Ma CBapOYHOTO a’po30is B o0yactu Gpopmu-
pOBaHUSI TIEPBUYHBIX YACTHI[ COACPKUT IPEHMYIICCTBCHHO MOJOXHUTEIBHO 3aps-
>KEHHbIE HOHBI U OTPUIATETHFHO 3apsbKeHHBbIE HaHOpa3MepHbIe yacTuibl. [Ipemioxe-
Ha YIPOIICHHAs TEOPHs 30HIOBBIX M3MEPEHHUH B IUIa3Me CBapOYHOIO a’3p0307isi, KO-
TOpasi TI03BOJISICT MHTEPIPETHPOBATh SKCICPUMEHTANBHBIC PE3yIbTAaTHl U OLCHHUTH
KOMIUIEKC OCHOBHBIX MapaMeTPOB TIa3Mbl CBAPOUYHOTO adPO30JIsl B TOUKE U3MEPEHHUSL.
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Buwmnsaxkos B. L., Kipo C. A., Kabanenxo P.B.
MeToauka 30H10BOI JiarHOCTUKH IJIA3MHU 3BAPIOBAJLHOI0 2€pP030.110.

AHOTAIIA
Poszensnymo modicnugicms 3acmocy8ants 30HO06UX BUMIDIOBAHL Y NAA3MI 36aPI0BATLHO2O
aeposonio. Ilokazano, wo niasma 36apio8aibHOZ0 AepPO30II0 NEPEBAHNCHO MICIUIMb NOZUMUE-
HO 3apsi0diceni [OHU [ He2amueHO 3apsodceHi HanHomempogi uacmurku. I[Iposeedeno komn'to-
mepne MoOeno6anHs. NOGEOIHKU CUSHALY 30HOA 6 [OHHO-NUNOGUI NIA3Mi. 3anponoHo6aHo
MemoOuKy 06poOKU 30HO0BUX BUMIPIOBAHD Y NIA3MI 36APIOBANILHOO AEPO30IIO.
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Vishnyakov V. L., Kiro S.A., Kabanenko R.V.
Technique of probe diagnostics in the welding fume plasma.

SUMMARY

The possibility of using probe measurements in the welding fume plasma is considered. It
was found out that welding fume plasmas contains predominantly positively charged ions and
negatively charged nanometer particles. The behavior of probe signal in the ion-dust plasma
is considered via numerical modelling. The procedure of the probe measuring processing in
the welding fume plasma is proposed.
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VK 533.9

Apazan I. C., Konecnurog K. B., Kymapoe B. B.

Odecckuil Hayuonanvuwlil yHugepcumem umenu M.M. Meunuxosa

TemmneparypHblii npo¢guab chepuyeckoro odbemMa nIa3Msl ¢
y4eToM peKOMOMHAIMOHHBIX IPOLECCOB

Paspabomana guszuxo-mamemamuueckas mMooenb meniogo2o OANAHCA OMKPLIMOU Nia3-
MEHHOU Cpedbl C YEeHMPALbHbIM UCTOYHUKOM NPU HATUYUU OMPUYAMENbHO20 2PAOUCHMA
MeMnepamypbol U ¢ y4emom UOHU3AYUOHHO-PEKOMOUHAYUOHHBIX npoyeccos. CKOpocmb UOHU-
sayuu paccuumuleanace no gopmyne [pasuna na ocrnoge npudbrudxcenus Beme-Bopua, cko-
pocmb pekombunayuu onucevisaemesi 06obwennol meopueu Tomncona. Ilokaszano, umo om-
PUYAMENbHBIIL 2DAOUEHN MEeMNEPANypbl NPUBOOUM K HAPYULEHUIO PABHOBECUSl UOHUZAYUOH-
HO-PEeKOMOUHAYUOHHBIX NPOYECCOs, 8 PE3VIbmame 4e20 MeniogblOeieHue 3a cuem peKomou-
Hayuu npeobradaem no OMHOWEHUIO K MENIONOmepsIm 3d Cuem UOHU3AYUU, Ymo Cyujecm-
6eHHO 6NUsem Ha memnepamypHule npoguau. IIpogedenvl pacuemvl npogunei memnepamy-
Dbl C YUEmoM UOHUAYUU U PEKOMOUHAYUU Jicelle3d NPU PAZIUYHBLX NAPAMempPax cpeobi.

BBenenue. [Ipu pacuerax NOTOKOB HHU3KOTEMIEPATYPHON IJIa3Mbl B KaHaJlax
[1] mmu B OTKpBITOM MpOCTpaHCTBE [2], a TakXKe NPH paciaje Imia3Mbl, 00pa3yromei-
sl B pe3ysbTaTe B3phiBa [3], HEOOXOIUMO 3HATH paclpeielieHHe TEMIIePaTyphl CPeIbl
K nepudepuitHpIM ydacTkaM. OcThIBaHHE TUIa3MBbI IPOUCXOIUT 33 CUET BRIHOCA JHEP-
TUU MyTeM TEIJIONPOBOJAHOCTH, M3JIyUYEHUs] U KOHBEKIMH. Takue cUTyaluu peaju-
3yroTcsi B (pakelie ra3oAMCIEpCHOTO METAJUTM3UPOBAHHOIO Iuiamen [1-3], anekrpo-
JlyroBOro paspsiaa [4, 5], kaHajge MarHUTO-THIPOJMHAMUYECKOrO reHepatopa [6] u
JIpYTuX ciay4asx. Bo MHOrMX ciy4yasX MCTOYHHK IUIa3Mbl MOXKHO NPEACTAaBUTH TO-
YEYHBIM, YTO MO3BOJIIET MepeiTh K cheprdeckoil CHMMETPHH MIPH PEeIICHUH JaHHON
3a/1a4u.

OOBIYHO pagHaIbHOE pacIpe/ieNieHHe TEMIIEPaTyphl IO CEYEeHHIO (akesa MMeeT
BUJI TUIEPOOIUUYCCKON 3aBUCHMOCTH C OTPHUIATEIILHBIM T'PAIUCHTOM TEMIICPATYPHI,
YTO 00YCIOBJICHO CTAIIMOHAPHBIM TEIUIOOTBOIOM B OKpYy’Karomryto cpexy. daken ra-
30/IUCIIEPCHOTO MJIAMEHH WM 3IEKTPOAYTOBOTO paspsijia B sApe UMeeT TeMIepaTypy
B npenenax 2000-6000 K, 1 moatomy aroMsl ra30B0o# (ha3bl B 3HAUUTEIBHOM CTEICHU
HOHM3MpOoBaHHL. TemneparypHsle npodumn ¢akena, SBISIOTCS HEHM3MEHHBIMH, YTO
obecrieunBaeTcs CTaOWIBHBIM BHYTPEHHMM HCTOYHHKOM SHEPIUH M TOCTOSHHBIM
3HaYCHHUEM TEMIIepaTyphl OKpyKaromel cpenpl. TakuM o0pazoM, IIpH pacdeTe TeM-
nepaTypHBIX mpoduiei (hakena 0OBMHO PACCMATPHUBAIOTCS TOJIBKO yKa3aHHBIC TEll-
JIOTIOTEPHU.

Hapsiny ¢ Tem, mpu MOHU3AIMU aTOMOB T'a30BOM (ha3bl 3aTpavyuBACTCs ONpEie-
JICHHAS SHEPI'Usl, PaBHAS SHEPTHU HOHHU3ALUK aToMa. be3yciaoBHO, 4To pu 00paTHOM
mpoIiecce — PEeKOMOMHAINH AJIEKTPOHA ¢ HOHOM IPOWCXOAUT BBIICICHUE TAKOH XKe
SHEPrUM B IUIA3MEHHOM cpene. DTH NMPOLECChl MOTYT UrpaTh 3HAYUTEIBHYIO POJIb
IPH ONpeNeNeHNH TPOGUIS TeMmIepaTypsl. JleHCTBUTENhHO, HMOHHU3AHOHHO-
PEKOMOHMHAIIMOHHBIE TIPOIIECCH B JAHHOM CIIydae aHaJOTWYHBI KOHACHCAIWH H HC-
MIApEHUIO KalleNb, IPYU KOTOPBIX BBIAEISIETCS WIN 3aTPadlBacTCs TEIIOBAsI SHEPTHSL.

DOI: http://dx.doi.org/10.18524/0367-1631.2018.55.150010 121
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Honun3aioHHO-peKOMOMHAIIMOHHbBIE TIPOIIECCHl B PaBHOBECHOW IIIa3MEHHOM
cperie ONMHUCHIBAIOTCS MPU MOMOINM ypaBHeHHs Caxa, COrJIacHO KOTOPOMY ISl HOHH-
3allM¥ aTOMOB Cpe/ibl HEOOXOAUMO 3aTPaTUTh SHEPTUI0 PABHYIO MOTEHIMATY HOHH-
3anun. B paBHOBECHOM Cilydae BBINOJHACTCS IPUHIMII I€TATFHOTO PAaBHOBECHS, IIPU
KOTOPOM CKOpOCTh MOHHM3AIIMM pPaBHA CKOPOCTH PEKOMOMHAIMHU. DTOMY IIpolieccy
COOTBETCTBYET PABEHCTBO BBIIAEISAEMOM M moryom@aeMoi sHeprun. OAHaKO NpH Ha-
JIMYUH TOCTOSHHOTO OTPUIATEIBHOTO TPAJHEHTa TeMIIEpaTyphl CpeAbl HOHU3AIMOH-
HOE PAaBHOBECHE CMEINACTCSI B CTOPOHY YMEHBIICHUs CTEIIEHH MOHM3AlMH 32 CUET
PEKOMOMHAIMOHHBIX IPOLIECCOB, TO €CTh CKOPOCTh PEKOMOMHAIINH ITPEBBIIACT CKO-
pPOCTh MOHHM3AIMM, YTO HapyllaeT TeluloBoi OanaHc. CremoBaTeNbHO, 3Ty YacTh
SHEPruy HEOOXOAMMO YUUTHIBATh B YpaBHEHHH TEIJIOBOTO OaaHca.

Hacrosimast pabora nocssimieHa pa3paboTke (QU3MKO-MaTeMaTHIeCKOH MOJIEIH
TEIUIOBOTO OajlaHca M ONPENEeNICHUIO TEMIIEPAaTYPHOT0 NPOGHIs OTKPBITOH IIa3MeH-
HOW Cpefbl ¢ IEHTPalIbHBIM UCTOYHHKOM NPH HAIMYHUU OTPHUIATEIEHOTO TPagUeHTa
TEMIIEpaTyphl U C YIETOM PEKOMOWHAIIMOHHBIX IPOLIECCOB.

IlocranoBka 3agauu. HuskoremneparypHas IuiasMa UMeET BHYTPEHHUM HC-
TOYHHK SHEPTUHU U PACIpPOCTPAHAETCs B Cpele C MOCTOSTHHOM TemmepaTypoil. Ilpen-
MOJIOXKHM, YTO HOHU3ALUSA aTOMOB IIPOUCXOIUT NEKTPOHHBIM yIapOM, a MPH PEKOM-
OUHAIMHU HIIEKTPOHA C IOJIOKUTEIBHBIM HOHOM PHEPTHUsI HOHHU3AIMH [IPEBPAIIAETCS B
TEIUIOBYIO SHEPIUIO B pe3ysibTaTe CTOJIKHOBEHUI BO30YKIEHHOIO aToMa C APYTHMMU
aToMaMH WM MosekynaMmHd. IlocienHee BO3MOXKHO B IIa3MEHHOHM cpelie MpH aTMO-
cepHOM WM MOBBIIICHHOM JaBlieHHH. V3myuaTensHoll pekoMOnHaIMeH npenedpe-
raem.

ITycte Temmonorepy, OOYCIOBIEHHBIE TEILUIONPOBOJHOCTBIO, H3IIyYEHHEM U
KOHBEKIIMEHN MOCTOSIHHBI, B PE3yNBTATE YEr0 YCTAHABIMBAECTCS HEKOTOPOE pajnallb-
HOE paclpesereHue TeMIeparypsl IUla3Mbl. 3ajjaeM I'paHUYHBIE YCIOBHS: TeMIepa-
Typa LEHTPAJIILHOIO y4acTKa IUIa3Mbl paBHa ), a TeMIlepaTypa Ha IPaHULIC I1a3Mbl
paBHA TeMIlepaType OKpYy:Karomed cpeabl. Toraa crallMOHapHOE ypaBHEHHE TEIIO-
IIPOBOJHOCTH C BHYTPEHHUMU UCTOYHUKAMU SHEPIUU MOKHO MIPEJICTABUTh B BUJIC:

dn
AT =— c+0. 1
0, it 9 (1

rae A — kodpduUUEHT TemnonpoBogHocTH, I — Temmeparypa, Q. — TeIloBoi 3¢-

ekt pekoMOMHAIMY, 71,— CPEJHEE 3HAYEHHE KOHLIEHTPAIMU 2JIEKTPOHOB NIPU OJIHO-
KpaTHOH HOHU3aLMHU, O,— IPYTUe BO3MOXKHBIE HCTOUHUKH.

Ipu paccMoTpeHnH 3amaun OyaeM MpearnosaraTh, 4To (aken CTAHOHAPHBIN U
MO3TOMY MOXKHO OIPaHHYHMTHCS PACCMOTPEHHEM CTAI[MOHAPHOW 3a/1aud TEIUIONpo-
BOJHOCTH, TIpEJICTaBlIicHHOEe B ypaBHeHnH (1).Bxomsmuii B 310 ypaBHeHHE K03 dHH-
IUCHT TEIUIONPOBOJHOCTH SIBIIICTCS CTEHNCHHOW (YHKIHMEH Temmeparypsl. OT0 00-
CTOSATENILCTBO HEOOXOIUMO YYUTHIBATH MPU YMCICHHBIX pacuerax. OmHaKo, HA JaH-
HOM 3Tare MUCCICIOBaHUs Il OOJICTYeHUs BHIBOAA aHATUTHUCCKUX BBIPAKCHUH OY-
JeM mojiarath KOA(MQHIMEHT TEIIONPOBOJHOCTH HEKOTOPOIl IMOCTOSIHHOM, ycpea-
HCHHOM 10 BCEMY 00BhEMY ILTa3MBIL.

PaBHOBeCHas1 KOHIIEHTPALHS 3JIEKTPOHOB onpenessiercs u3 hopmynst Caxa:
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nn. VvV -1
—l=—¢ lex . 2
n v, ka @

rac v - 3(1)(1)CKTI/IBHEI$I IUTOTHOCTH COCTOSTHUI DJICKTPOHOB, HOHOB U aTOMOB COOT-

e,i,a
BCTCTBCHHO, I — IIOTEHIIMaJI HOHU3alluu aTOMOB paBHI)Ii/’I OHCPTUH, BBI,HeH}IeMOﬁ npu
peKOM6I/IHaL[I/II/I, T — TeMIieparypa, kB — INOCTOsIHHAsA BOHBHMaHa.

CKOPOCTL HU3MCHCHHUA KOHLICHTPAIHUU 3JICKTPOHOB OIIPEACIIACM U3 paBCHCTBA:
dn
= a’ion - Bl‘ec ° (3)

e
HAXOJUTCS U3 TOJTYIMITUPUICCKON (POpMYIIBI, TIPE-

dt
CKOpOCTh MOHHBALUU O,

ion

JI0’KeHHOH J[paBMHOM Ha OCHOBE l'IpI/I6J'II/I)KCHI/I$I bere-bopna [7]:

R, 2k, T
87T,a0 — | iN,|—/—u, ¥ (). “)
E m,

k

mn

rae a, — paguyc bopa, R, —oHeprus Pupbepra, E,— dHeprus CBsi3u aToma, /-

(hyHKIMS, KOTOpasi COTIIacHO IpocTeitieli Teopun ToMCoOHa TPUHUMAET BUJT

11 E,
X)=——— u, =
f@ == =

3nauenus pynxuuu ¥, npusenens B [7, C. 42].

Ckopocts pekombuHarmu 3. [8] xopolo coriacyercs ¢ YUCICHHBIMH pacue-

rec
tamu [9] u oTHOCHTCs K Temmepatypam 1o S000 K. TIpu Bceit ee mpoctoTe 00001IICH-
Hast Teopust TOMIICOHA 1aeT pe3yJibTar, OJIM3KO COBIATAIOIIUI C pe3yapTaTaMu Ooliee

CIIOYKHBIX BEIYUCIICHUM.

9
B,..=1.09-10""nT 2. %)

CpaBHHUM CKOPOCTH MOHHM3ALUH W PEKOMOMHAIINH B 3aBHCUMOCTH OT TeMIIepa-
TypsI (puc.l). Kak BugHO U3 rpadukoB, CKOPOCTh PEKOMOMHAIMH MPEBHIIIAET CKO-
POCTh MOHHU3ALIUH, YTO MOXHO OOBSICHSETCS HAJIMYMEM CMEILEHUS! HOHU3ALMOHHOTO
paBHOBECHS MPU CHIXKEHUH TEMIIEpaTyphl CpeAbl U MpeoliaJaHueM peKoOMOUHAIM-
OHHBIX ITPOIIECCOB HaJl HOHU3AIHOHHBIMH.

OrmpenenyM rpaHUYHbIC YCIOBHS 33/1a4M B BUJIE IOCTOSIHHBIX 3HAYEHUH TeMIle-
patypsl cpefsl Ha rpaHunax cucreMsl. Ilpu r =ry, T(ry) = Ty, a Ha GECKOHEUHOCTU
TeMIIepaTypa IIa3Mbl PaBHSIETCS C TEMIIEPATYpOil OKpyKaloIIel Cpempl, TO €CTh IpH
r=r,T(r)=T,.

Y4uTeIBas BBIMICH3IOKEHHOE, 3allUIIEM YpaBHEHHE TeruronpoBogHocTH (1) B
chepUIeCKON CHCTEME KOOPAMHAT

1 9
izﬁ(ﬁa—Tj & g, (6)
r-or or A

Pa3nenuB nepemenssie B (7) U qBaX<Ibl IPOMHTETPHPOBAB M0 KOOpIUHATE dr,

MOJTyYUM 3aBUCUMOCTD T'(7):

T(r)=T1,—- (Ar4 - B)r% . @)
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Oion, Braz, cr™7c! T-107°K

T-107°K
. . . . ‘ , - em
0 1 2 3 4 5 1 1 |
5 10 15
Puc. 1. 3aBucHMOCTH CKOPOCTH HMOHHU3a- Puc. 2. TemneparypHble mpoduiau pac-
UM «,, ¥ CKOPOCTH peKoMOmHammu f,, IIMPSTFOLIEHCS] IUIa3MBl C [EHTPAIBHBIM
OT TeMIIepaTypbl HUCTOYHHKOM: | — pacueT IO aHaIUTHYe-

CKOMY PEHICHUIO, 2 — pacdyeT METOOAOM
YUCJICHHOI'O0 HHTCTPUPOBAHUA C HHTCH-
CHBHO UAYHIUMU peKOM6I/IHaHI/IOHHLIMI/I u
HMOHHM3alMOHHBIMHU ITpOLIECCaMU

rae A, B — KOHCTaHTbl UHTEIPUPOBaHUSL.
Pacuetsl npoBOIMINCE 11 YAaCTHLL JKeJl€3a, OTEHIMAI HOHU3ALUU aTOMOB Ke-
neza I =7.9 5B, sHeprus cBs3u atoma E, = 4.27 3B. Pe3ynbratsl pac4eToB npuse-

JIeHBI Ha puc. 2. BBIMyKIOCTh TeMIiepaTypHOro Npouiisd Ha KPUBOH 2 (Gu3HUUecKd
00BSICHSIETCA 3HAYUTENBHBIM 110 MOIIHOCTH TEIUIOBBIIEIICHUEM B pe3yjbTare Npeood-
JaaHus PEKOMOWHAIIMK HAJl MOHM3aIMel B o0beMe 1uiazmbl. DakTopoM, KOTOPHIi
oCIabIIsAeT NEHCTBUE 3TUX MCTOYHWKOB, SIBJISICTCS, YMEHBIIICHHE TEIUTOBOW CKOPOCTH
WOHOB C YMEHBIIEHUEM TEMIIEpaTyphl U JIOBOJIBHO PE3KOE CHU)KEHHE CTETICHH MOHH-
3allMM IUIa3Mbl, BBI3BAHHOE, KaK YK€ OTMEYaloCh, CMEUIEHUEM HOHHU3ALMOHHOIO
paBHOBECHS.

3akirouenue. [IpoBeneHHbIE HCCIIEIOBAaHUS TOKA3ald, YTO HOHU3AI[MOHHO-
PEKOMOHMHAIIMOHHBIC TPOIIECCH MOT'YT CYIICCTBEHHO MOBJUSATH HA NPO(MIb TeMIie-
patypsl B IUIA3MEHHOM CPEJIC C OTPUIATEILHBIM TPAUEHTOM TEMIICPATyphl, 4TO 00y-
CJIOBJICHO CMEIIEHHEM MOHMU3AIMOHHOTO PABHOBECHSI MPU MOHUKEHUHN TEMIIEPaTyPhI
IUIa3MEHHOM Cpeibl, MPUYEM MPU HU3KHX TeMIepaTrypax TeIioBoi 3pdekt cHmkaer-
cs U3-3a SKCIOHEHIIMAJIHOM 3aBUCHMOCTH CTENIEHU MOHM3ALMU OT TEMIIEPaTyphl.
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Apazan I'. C., Konecnirkoe K. B., Kymapoe B. B.
Temneparypuuii npodiab chepuunoro 06'eMy nia3Mu 3 BpaxXyBaHHAM
pexoMOinaniiinux npouecis

AHOTALIA

Pospobneno Qizuxo-mamemamuuna mooens menio6o2o 6aiancy GiOKpUmMo20 Nia3meHHO20
cepe0osuya 3 YeHMPanbHUM 0XICepenom npu HAABHOCMI He2amueHo20 2padichma memnepa-
mypu i 3 ypaxyearHam ioHi3ayiuHo-pekombinayitinux npoyecie. lleuoxicmo ionizayii pospa-
xosysanacs 3a @opmynoio [pasina na ocnosi Hnabnusxcenus beme-bopua, weuoxicmo
peKkombinayii onucyemucsi yzacanvheroro meopieto Tomncona. Iloxazano, wo 6i0’emunuil
2padienm — memnepamypu  Hpu36OOUmMb 00  NOPYWEHHA  pieHO6a2u  [OHI3aYiliHO-
PEKOMOIHAYINIHUX NpoYecis, 8 pe3ylbmami 4020 Menio8UOLIEHHS 3a PAXYHOK peKoMOIHayil
nepeeadlcac no 6IOHOWEHHIO 00 MEeNI08MpPanm 3a paxyHox ionizayii, wo cymmeeo 6naueac Ha
memnepamypri npoini. Ilposedeno pospaxyhku npoginie memnepamypu 3 ypaxyeaHHIM
ionizayii i pexombinayii 3aniza npu pisHux napamempax cepeoosuuyd.

Dragan G.S., Kolesnikov K.V., Kutarov V.V.
Temperature profile of a spherical plasma volume, taking into account
recombination processes

Summary

A physical-mathematical model of the heat balance of an open plasma environment with a
central source in the presence of a negative temperature gradient and taking into account io-
nization-recombination processes has been developed. The ionization speed was calculated
using the Dravin formula based on the Bethe-Born approximation; the recombination speed is
described by the generalized Thompson theory. It is shown that a negative temperature gra-
dient leads to an imbalance of ionization-recombination processes, as a result of which heat
release due to recombination prevails in relation to heat losses due to ionization, which sig-
nificantly affects the temperature profiles. The temperature profiles were calculated taking in-
to account the ionization and recombination of iron for various parameters of the environ-
ment.
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BausiHue me104HON NPUCAAKH B 3alIIUTHOM ra3e Ha JUCIHEPCHBI cocTaB
CBAPOYHOI0 a3P030JIsl.

Paccmompen uonusayuonnvlii 6aranc 6 naasme c6apoUHO20 a’po30iis NPU dNEeKMpPoOy20-
601l ceapke Memannos 6 3auumiom eaze. Hanuuue KoHOEHCUPOBAHHBIX Yacmuy NPUeoOUm K
UOHU3AYUU AMOMOB 2A34 HA NOGEPXHOCMU YACMUY U CMEWEHUIO0 UOHUIAYUOHHO20 Oananca 6
obracmu NPOCMPAHCMEEHHO20 3aps0a 6oKpy2 yacmuybl. I1osmomy, cpednue KoHyeHmpayuu
9/IEKMPOHOB U UOHO8 6 NaA3Me USMEHAIOMCS 8 NPUCYMCMBUU 3APSIHCEHHBIX Yacmuy. Imo
6nuslem Ha npoyecc obpazoeanust 3apoovluiell U, cCOOMBEemMCmeeHHO, U3MeHAem CKOPOCb 00-
PA308aHUSA YACMUY C8APOUHO20 adpo30is. Mzmepenvl ckopocmu obpazoeanus uacmuy npu
PA3IUYHOM COOEPIACAHUU NPUCAOOK KATUS 8 3auumnom ease. Pacuemnas xonyenmpayus 3a-
poobietl npu pasiuyHoM COOEPICAHUU NPUCAOOK KANUS 8 3AUUIMHOM 243€ XOPOULO KOppenu-
pyem ¢ NOIyHeHHbIMU IKCNEPUMEHMATLHLIMU OAHHBIMU.

Beenenue. DnekTpoayrosas CBapka B 3allIUTHOM Ta3e COMPOBOXKIAETCS BBLAE-
JIEHHEM BBICOKOTEMIIEPATYPHBIX MTApPOB METAIUIOB B OKpYXKaIollee MPOCTPaHCTBO. B
IpoLecce CMEIICHUS TTapoB C OKPY’Kalomieil cpejoil MPOUCXOIUT NX OCTBIBAHUE, 00-
pa3oBaHHe 3apojbliIeil HOBOH (ha3bl, pOCT U KOAJIECLUEHINS 3apOo/bIIIeH, OTBEp/eBa-
HHE KarelneK 1 00pa3oBaHHe NEPBUYHBIX YACTHI], UX KOATYJISIINS M 00pa30oBaHHE HH-
TaJIIUOHHBIX 9AaCTHI[ CBAPOYHOTO adpO30Jd Pa3sMEPOM JI0 MHUKPOMETpPA, MPEICTaB-
JISTFOLIMX OTIACHOCTD JIJISl 3/I0POBbsSI CBApIIMKOB M OKpYy»Katomiei cpensl [1]. TToaTomy,
HCCIIeI0BaHMs, HAPaBJIeHHbIE Ha pa3pabOTKy METO/OB YNPaBICHUS AMCIEPCHBIM U
XMUMHYECKAM COCTaBOM HMHTAJIMOHHBIX YacTHIl B Ipolecce WX (hOPMHUpPOBAHMSA,
MMEIOT OOJIBIIOE MPHKIIAHOE 3HAUCHNE JUIS CO3AaHNsI OE30TIacHBIX yCIOBUH Tpy/ia B
CBapOYHOM IIPOU3BOJICTBE.

OGpazoBaHne 3apojbIIc HOBOHM (ha3bl MPOMCXOMUT B PE3yIbTaTe IeTepPOreH-
HOW MOH-WHIYLMPOBAaHHOHN HyKJI€alWH, T.. UEHTPaMH KOHICHCALUU SBIIIOTCS HO-
Hbl. VICTOYHUKOM MOHOB SBJIETCS MOHM3al¥s aTOMOB I1apOra3oBOM CMECH, U IIO-
BEPXHOCTHAsi HOHM3AIMsI aTOMOB Ha KOH/IGHCUPOBaHHBIX YacTHuax. B raszosoii dase
MOHM3AIMS MPOUCXOINT, KaK 32 CYET CTOJIKHOBEHHH C 3JIEKTPOHAMHM (TepMHYECKast
MOHM3AIMA), TaK U 3a cyeT B3aumozeiicteust ¢ Y P-n3nydenuem nyru. Takum oOpa-
30M, CYLIECTBYET MO KpaifHeil Mepe TpM KaHana MOHW3ALMH, KOTOPble HEOOXOIUMO
YYUTBIBATh IIPU OMHCAHWW MOHM3AaLMOHHOTO PABHOBECHS IIa3Mbl CBAPOYHOTO a3po-
3os1. Kpome Toro, paszHble KaHaIbl HOHH3AMHA-PEKOMOMHAIINY BIHAIOT APYT HA ApY-
ra, NOCKOJIBKY Ka)KIbli U3 HUX U3MEHICT KOJIUYECTBO IEKTPOHOB U HOHOB B CUCTE-
M€, YTO NPUBOAUT K U3MEHEHHIO MHTEHCUBHOCTH PEKOMOMHAIMN B K)KIOM W3 KaHa-
JIOB.
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B pa60Te MNpCACTABJICHBI PE3YJIbTAaThl TCOPCTUICCKOTO M3YyHUCHUSA MOHU3AIIMOH-
HOT'O paBHOBECH: B ILUIa3MC CBAPOYHOI'O ad3PO30JId U SKCIICPUMCHTAJIIBHOTO HUCCIICAO0-
BaHHWA BJIIMAHHUA CTCIICHW HMOHH3alMH IIA3MbI Ha I[I/ICHepCHBIf/’I COCTaB HMHTAJIAIIMOH-
HBIX 9aCTHUL] CBAPOIHOI'O ad3pO30JIs.

KonueHntpauusi HocuTeJieil 3apsiia B IbLIeBO# miia3me. MoHn3annoHHoe
paBHOBECHE B TEPMHUUECKOH IJIa3Me OoNHUChIBaeTCs ypaBHeHHeM Caxa
nn X -1
B Sy exp— =K, (1)
n z kT

a a
rae n,, n; ¥ 1, — CpeIHUE 110 00TACTU JIOKATBHOTO TEPMOANHAMUUYECKOTO PaBHOBE-
cust (JITP) xoHIIeHTpaluy 31€KTPOHOB, HOHOB U aTOMOB, COOTBETCTBEHHO, IPUUYEM

n,=n,—n;, n, — UCXOIHas KOHIEHTpallUs aTOMOB; X, U X, — CTaTUCTUYECKHE

) — 3(peKTHBHAS IIOTHOCTH COCTOS-

CYMMBI HOHOB M aTOMOB; v, =2(m kT / 2nh’
HUM 25IeKTpoHa; / — MOTeHIMal HOHU3AIUKN aTOMOB; k — mocTosiHHas bonbimana; 7'
— temneparypa KenbBuHa; m, — Macca 3JeKTpoHa; /i — nocTosiHHas Ilnanka, K¢ —

koHcranTa Caxa.

[Ta3ma cBapoYHOTO a’p030JIs MOABEPKEHA BO3IEHCTBUIO YIbTPAPUOTIETOBOTO
n3ny4yeHus Ayrd. Ha noHM3allMOHHOE pPaBHOBECHE BIMSET MU3JyuyeHHE C DHEpruei
(hoToHa, MpeBbIIAONIEH TOTSHITNAT HOHN3AIMK aToMOB /v > I . [Ipu cBapke mryy4-
HBIMH D3JICKTPOJaMHU (TOKPBITHE COACPKUT COCIUHCHHS INEIOYHBIX METalIOB) B
I1a3Me TPUCYTCTBYET MPHUCAJIKA IEIOYHBIX METAUIOB (HAmpuMep, Kalus ¢ MOTCH-

K
muanoM woHmzaiuu [° =4.345B, wiu HaTpus C MOTEHIMAIOM HOHU3AIUU

I" =5.14 5B), uMeHHO OHa ONpeiesIeT HOHU3AMIO MUIa3Mbl. CBapOUHAs Tyra H3-
mydaeT ynbTpaduoieT B YKa3aHHOM [Hala3oHe C IUIOTHOCTBIO IOTOKa (DOTOHOB
Jpn ™ 10°cm ¢ ™. Takas HHTEHCHBHOCTB MAJIO BIMSET HA HOHM3AIMOHHOE PABHOBE-
cue B 30HE KOHJICHCAIMH MapoB CBAPOYHBIX MATEPUANIOB MPU TEMIIEPAType IUIa3Mbl
T ~2000-3000K. OgHako B 30HE KOAryJSIUH IMEPBUYHBIX YaCTHI], MPU TeMIlepa-
type T <1500K, nonuszanusa Y @-u3iryueHUEM OKa3blBACTCS OINPENEIIIOILEH.

[Ipu cBapke B 3aIIUTHOM rase mapsl He COepKar MIENOYHYI0 MPHUCAIKY. YIIbT-
paduoIeTOBOE M3ITyYCHUE IYT'H HE MOTJIONIACTCS MICIOYHBIMA aTOMaMH, MO3TOMY B
OKpY’KaroIiee MPOCTPAHCTBO MPOHUKAET KOPOTKOBOJIHOBOE M3IIyUCHHE, YTO, HAIPH-
Mep, 00yCIIOBIMBAaCT MHTCHCUBHOE OOpa30BaHME O30HA IPH 3TOM Crioco0e CBapKH.
McTOYHUKOM HMOHOB SIBISIIOTCS aTOMBI KOHACHCUPYIOIIMXCSI BEIIECTB, B OCHOBHOM
ATOMBI XKelle3a ¢ MoTeHIuanoM uonusauu 1% = 7,95B. Beuy TOro, 4To MOTEHIIHU-
aJl MOHW3alMH ITHX aTOMOB TOpa3[o BHIIE, YeM INEIOYHBIX METAaJUIOB, HHTCHCHB-
HOCTh TEPMHUYECKOW MOHHM3AINU MEHBINE, YeM MPH HCIIOIH30BAaHIH IITYYHBIX AJICK-
TPOJOB, HO BBIIIE HHTCHCUBHOCTh Y D-HOHM3AIMH 32 cYeT OOJIbIEH UIOTHOCTH MO-
ToKa oTOHOB (Hcnomb3yercs j,, =10 emc).

Vuer YO®-noHuzanuu Mmpou3BOAUTCS IMyTeM MOJAEpHU3aIK KoHCTaHThl Caxa

[2]:
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.z N
Kg=—1v, exp—+ﬂ, 2)
z kT v,

— K03 UIHEHT AICKTPOH-HOHHOH pe-

a

T ¥, — PajaNyc MOHH3MPYEMOTO aToMa; Y
~10%cem’c™ [3].
DneKTpHYecKas HeHTPaTbHOCTh IIA3MBI 03HAYAET, UTO

n, =n; =ng, (3)

ei

KOMOMHAINH, Y

ei

rie 71, — HeBO3MYILICHHAas KOHLCHTPALWs, KOTOpas JIETKO ONpeenseTcs U3 ypaBHe-
aui (1) u (3):
K. n,
nO:ZTSf 1+4-24 1|, 4)

7 S

* .
rae K — KOHCTaHTa (2) JUIsl j-TOTO MOHM3HPYIOLICTOCS KOMIOHEHTA [apoB, 7, —

WCXOAHAs KOHIIEHTPAIXsl aTOMOB 3TOTO KOMITOHEHTA.

ITocne koHAEHCAMM MAapoB IUIa3Ma HACHIIIEHA KalelbKaMU PacTyIIuX 3apo-
JIBIIIEH, KOTOpBIE B3aUMOACHCTBYIOT C 3JEKTPOHAMH M MOHAMH IUTa3MEL B mporecce
OCTBIBaHHS TIPOUCXOIUT OTBEpACBaHUE KareleK U 00pa3oBaHHe IEPBUYHBIX YACTHII,
KOTOpBIE TOXXE B3aMMOJICUCTBYIOT CO CBOOOJHBIMHU JJICKTPOHAMH M HMOHaMu. B pe-
3ynbTaTe MeX(asHOro B3aMMOJEHCTBHS IPOUCXOIUT 3apsiika KOHIEHCHPOBAHHBIX
gactutl. [Ipu 3TOM BOKPYT 3apsKEHHBIX YacCTHI] oOpasyeTcs Oo0JIacTh MPOCTPAHCT-
BeHHoro 3apsina (OII3), rae mpoucXoauT U3MEHEHHE KOHLEHTPAIU 3JIEKTPOHOB U
VMOHOB IUIa3Mbl B TOJIe YacTHIbl. HemocpeacTBEHHO y MOBEPXHOCTH YaCTHUIBI KOH-
HEHTPALUS HJIEKTPOHOB OMNpeaeseTcs OaraHCOM NMOTOKa JIEKTPOHOB, KOTOPBIE 3MU-
TUPYIOT M3 YAaCTHIEI 32 CUET TEPMODIICKTPHIECKONH MUCCHH U 3a CUET BHEIIHEro (o-
To3¢dexTa [2]

2
I =4na’ 4nme(k73") exp ", na’yj,, 5)
(2mh) kT ?

1 00paTHOTO TMOTOKA DJIEKTPOHOB M3 IUIa3Mbl K YaCTHUIE 3a CUET CHOPaJIUYECKHX
CTOJIKHOBEHU U

ads __ 2
Ie =Tna Verle (6)
T7ie a — paguyc 4acTuIbl, W — paboTa BEIXO/a AJIEKTPOHA W3 YACTHIEL, ! — KBaHTO-
BbLl BbIXOZ BHeIIHero ¢oTtodddexra; v, =./8kT / mm, — Temnopas CKOPOCTb 3NIEK-
TpoHa; n,, = hy exp(V, /kT) — HoBepXHOCTHAsl KOHIIEHTpALUs 31eKTPOHOB; V), — mo-
TEHIHAIBHBIN Oapbep B IIa3Me y IOBEPXHOCTH YaCTHUIIHI.

Hanpumep, nipu Tepmosmuccun (6e3 yaera (OTOIMHICCHH) TIOBEPXHOCTHAS KOH-
LEHTpaIMs 3IEeKTPOHOB paBHA 7, =V, eXp(—W /kT), n HOBEPXHOCTHAS MOHM3ALHS
ompenensercs ypaBueHueM Caxa-Jlenrmiopa [4]. B oOiiem ciydae, ¢ yaetom ¢oTo-
9MHCCHH, IOBEPXHOCTHASI KOHIIEHTPALHSI 3JIEKTPOHOB,

W Y
n, =V, exp— +—, (7)
kT

veT

COOTBCTCTBECHHO, NOBEPXHOCTHAA MOHU3AUA T1J1Ia3Mbl
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*
nis — KS (8)
Y. b
nas _W j ph
V,exp——+
¢ kKT v

el
MIPHA 3TOM CJEIyeT YYUTHIBaTh, YTO ypaBHEHHE (8) 3amHMCaHO TOJBKO AJIS OIJHOTO
KOMIIOHEHTA I1apoB, T.€. B O0IIEM cliydae HeOOXOAMMO MPOU3BOJUTH CYMMHPOBaHUE
10 BCEM MOHU3HUPYIOLINMCS KOMIOHEHTaM.

CreneHp HoHM3aIMKH aTOMOB 1ia3Mbl B OII3 m BHe ero (BAaju OT YaCTHIIBI)
pasHasg. DTO CBA3aHO C JOMOJIHUTEIbHBIMU KaHAJAMU HOHHM3ALUN U PEKOMOMHAIUU
Ha noBepXHOCTH YacTullsl (8), uto otauuaer OI13 ot ocTampHOrO 0OBeMa 11a3Mel. B
pabotax [5, 6] OBIIO PENIIOKEHO YUYUTHIBATE 3TOT (AKT ITyTeM BBEACHUS d(PPEKTHB-
HOTO 3HA4YCHUS MOTCHIMAla HOHU3ALNH, 3aBHCSIIETO OT MOTSHIMAA OIS YACTHIHI.
OTOT METOJ CIOKEH AJIS IPUMEHEHHS B pacCMaTpUBAEMON CHCTEME, TaK KaK KpoMme
TEPMUUYECKOM NOHU3ALNY YUUTBIBACTC Y D-noHU3aIMs.

CymiecTByeT qpyroi moaxod K 3Toi mpoOiieme, omucaHHbI B [7, 8, 9]. B pas-
HOBECHOH IUIa3Me U1 HOCUTEJEH 3apsija IpUMeHseTcs pacnpenenacHue bonbuMana
n, ~exp(ep/kT), n ~exp(—ep/kT). Torma OII3 MoxkHO paccMaTpuBaTh Kak 00-

JIaCTh, TAC NPOUCXOAUT OTKIIOHCHHUE TUIa3Mbl OT PaBHOBECHUA. COOTBeTCTBeHHO, KOH-
HCHTpALNH JIEKTPOHOB U NOHOB MOT'YT OBITh OIHCAHEI pacnpeacjICHuIMu

n,=n, exp(%j +0n, n=n, exp(—%) +on, C)

T/ie HepaBHOBECHas 00aBKa On OJMHAKOBA UL SJCKTPOHOB M MOHOB, TaK KaK reHe-
pamusi Wik peKoOMOUHAIMS DJIEKTPOHA COMPOBOXKAAETCS MOSIBICHHEM WM MCYE3HO-
BEHHEM OJIHOTO MOHA (IIPH pacCMAaTPUBAEMON TEMIIEpPaType YUUTHIBAIOTCS TOJBKO
OJTHO3APSITHBIE TTOJIOKUTEIFHBIC HOHBI).

3aBUCHMOCTh HEPaBHOBECHOH JT0OABKH OT MOTECHIIMAIA ObLTa onpeesicHa B [7]:

Sn=n, expd -1 ’
2cosh® —1
OTKYJIa CIICAYIOT pacrpeaelicHus IS JJIIEKTPOHOB M HOHOB [8]:
ne = nO exp(zq)) s (l()a)
2cosh® —1
0 =n, exp(—2®d) + 2sinh @ ’ (10b)
2cosh® —1

rne ® =ep/ kT - 6e3pa3MepHbIii IOTCHITHAIL.

B HEeBO3MYIIIEHHO 06IACTH TIa3Mbl BTN OT YACTHIBI BBITIOIHACTCS YCIOBUE
HelTpansHOCTH (3) ¥ HEBO3MYINECHHAST KOHIICHTPAIUS MO-TIPEKHEMY OMPEIENeTCs
ypaBHeHHeM (4). Y MOBEPXHOCTH YaCTHIIBI KOHIICHTPAITHS 3JIEKTPOHOB OPEIENACTCS
ypaBHeHueM (7), YTO MO3BOJSIET OMPEIETUTH TOTCHIMAIBHBIN O0aphep, HCIOIb3Yst
(10a):

&expﬁ—exp%+expi—1= 0 (11)
n, = kT k,T k,T

HeiitpansHocTh Bcero o0beMa Iia3Mbl IPH HATMYHK 3apSKEHHBIX YACTHIL OTl-

pezensiercs Kak
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Zn, =n, —n,, (12)
re Z — CpejiHuii 3apsi| YaCTHUIL] B SJICMCHTAPHBIX 3apsiiaX; /1, — UX CPEJIHSSA KOHLCH-
Tpauusi; 1, U #; — CPEAHUE 10 BCEMY OOBEMY 3HAUEHMs SJIEKTPOHHOW M MOHHOMN
KOHLEHTPAaLHH.

CpeZ[HI/Ie 3HA4YCHUS KOHHeH’I’paHHﬁ MOJKHO BBIYUCIIUTD, OTIPCIACINB KOJINYCCTBO
HOCHTEJICH 3apsdaaa, MpuxXoaAmunuxcsa Ha OJJHY YacTuly, T.C. pacCUUTaB UHTErpajbl OT
pacnpenenenuii (10) mo suelike BurHepa-3elTipl, koTopas ompeaensiercs chepoit

1/3 2 .
pamuyca R, =(3/4mn,)"”, ONMCAaHHON BOKPYT YaCTHLIBL:

Ry Ry
N,, =47t_[ r’ndr, N,y :475_[ rndr. (13)

Torma cpeanue mo BceMy 00beMy 3HAUCHHS SJICKTPOHHON M HMOHHOM KOHIICH-
Tpauuii paBusl: 11, = N,yn, u n; = Nyn,. Onsako, st Beraucienus (13) Heobxo-

JIMMO 3HATh MIPOCTPAHCTBCHHOE paclpeielicHIe TIOTCHITHATIA.
Pacnpenenenne moTeHIMaNa B OKPECTHOCTH YaCTHUIBI, BOOOIIE TOBOPS, HEH3-
BECTHO, TaK KaK HEU3BECTHO pelIeHrne chepruuecku CHMMETPHUYHOTO ypaBHeHus I1y-
accoHa-bonbimana [6]. B mockom ciyuae pemieHuem sBisieTcst QyHkuus [5]
o a-r
1+ tanh—* -exp
7, D, a-r
®O(r)=2In =4atanh| tanh—* - exp , (14
D, a-—r 4
1—tanh 2 -exp

"p

rae ®, =V, /kT — Ge3pasmepHas BbIcOTa bapbepa; 7, = kT /8me’n, — mmuHa k-
paHHpOBaHUS (JIe0ACBCKUIA pamnyc).
AHanu3 YHMCIEHHOTO peleHus chepHIecku CUMMETPHYHOTO ypaBHeHus Ilyac-

coHa-bosbiMana mo3Bosua Ha ocHoBe (14) CKOHCTPYMpOBaTh (DYHKIHIO, KOTOpast
XOPOIIO KOPPENUPYET € 3TUM YHCICHHBIM PELICHHEM:

CD(r):(4+rDj~atanh tanh @, ~Eexpa_r , (15)
a 44 Ip r rp
a
MPUYEM, €CJIM BBICOTA MOTSHIMAILHOTO Oapbepa MOAYHHSIETCS YCIOBUIO
expl—2|<10’2 (16)
a
To pyHKIHMs (15) XOpOIIO COBIaaeT C U3BECTHBIM MOTECHITHAIOM Jle0ast:

o) =V, Zexp?—".
r I”D

DBOJIIONMS KOHUEHTPAUMH HOHOB MPH OCTHIBAHHHU MJIAa3MbI CBAPOYHOIO
a3po3ojst. KoHleHTpauys HOHOB B IJIa3M€ CBAapOYHOTO a’po30Jisl MpPEACTaBIIsET
0COOBII HHTEpEC, BBUIY TOTO, YTO HOHBI SBIISIOTCS [IEHTPAMH HOH-WHAYIIMPOBAHHOM
Hykieanun. [Ipun cBapke IITYYHBIMH SJIEKTPOIAMH MCTOYHHKAMH HMOHOB SIBIITIOTCS
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Puc. 1. Cxema cBapKy LITYYHBIM JIEKTPOJOM (2) U KOMIIBIOTEpHOE MojerpoBaHue [9]
cBapku B 3auutHOM rase (b)

aTOMBI IIEJTOYHBIX METAUIOB (KaIui M HATpuUil), KOTOpPbIE COAEPIKATCA B MOKPBITUU
anekTpoaa. Bo BpeMs CBapKH METaIMYECKHH CTEPIKEHB DIIEKTPOJIa BHITOpPaeT OBICT-
pee, 4eM ero MOKPBITHE, TOITOMY 00pa3yeTcs BTYJIKA, BHYTPH KOTOPOH MPOUCXOIHUT
HoHM3ays mapos (puc.la). YO-usinydenne qyrn HHTCHCHBHO HOTJIONMAETCS MIET0Y-
HOW MpHUCAIKOM, IOATOMY B OKPYXKAIOILIYIO0 CpEAy NPOHUKAET B OCHOBHOM JJIMHHO-
BOJIHOBO€ M3JIY4YEHUHU C dHeprued ¢ortoHa hv <4.3eV (mOoTeHIHMan MOHHU3AIMH Ka-
JIs), YTO COOTBETCTBYET JUIMHE BOJIHBI A > 288HM .

Takum 06pa3zoM, B OKpPYXAIOIIYIO Cpely UCTEKAIOT yKe HOHU3UPOBAHHBIE Ia-
pul. Hanpumep, anexkrpon YOHU 13/55 conepxur 3% xamus u 6% Hatpus. s xa-
JIOTO U3 METAJIOB MENOYHO MPUCA/IKK BBIYUCISETCs cBOst KoHcTanTa Caxa: K& u

K. PesynbTupyiomas paBHOBECHas KOHIIEHTPAIUS OTpe/IeNseTcs ypaBHeHueM (4),

T7ie KCXOJHbIE 3HAYCHH KOHIEHTPAUK aTOMOB ONPEEIAIOTCS yCIoBHEM (HOpPMHUPO-
BaHUS NApPOBO3IYLIHOM CMECH B PE3YyJbTATE CMEUICHWSA IapOB METAIUIOB C OKPY-

>KarmuM Bo3ayxom [11]:
-1

_iﬂ zﬁJrL]:)_T , (17)

n,= 2077
4

KT p\Fn, p,T-T,

rae P — armocepHOE NaBienue, g; — HavalbHas MaccoBas J0JIs j~TOTO0 KOMIIOHEH-

Ta, [, — €r0 MOJIEKYJISIPHAs Macca, W, — MOJIEKYISPHAs Macca OKPYKaroweH cpezibl

(BO31yX — IpH CBapKe MOKPHITHIMU 3IE€KTPOAAMH, 3all[UTHBIN Ta3 — IIPU CBapKe B 3a-

IIUTHOM Tase), 1, — HadallbHas TeMIepaTypa, 1,, — TeMIeparypa oKpyxaromei cpe-

1l Texymmas TemriepaTypa paccMaTpiBaeMoi 00IacTH INTa3Mbl CBAPOYHOTO a3p030-
JISL OTIPEIENISIETCSl yPaBHEHUEM

T:Q+@—ka6l) (18)
T

IZie T — IOCTOSIHHAsI BpEMEHH CMEIIeHuUs (ONpeaesieTcs 3KCIIePUMEHTANIBHO).
3aBUCUMOCTb KOHLICHTPALIMH aTOMOB MIEJIOYHOM MPUCAJKU OT TEMIIEPaTypbl

ompenenseTcs U3 ypasHeHuil (17), 3aBHCUMOCTb paBHOBECHOM HEBO3MYILEHHOH KOH-

LEHTPAIUH — ypaBHEHHEM (4) M 3aBHCHMOCTH KOHIICHTPAUH 3JIEKTPOHOB ¥ HOHOB —
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Puc. 2. 3aBUCUMOCTH KOHLIEHTpaLUil Puc. 3. 3aBucuMOCTH KOHLIEHTpAIHii
DJIEKTPOHOB M HMOHOB OT TEMIIEPaTyphl 3JIEKTPOHOB U HMOHOB OT TEMIIEpaTyphl
MapoOBO3AYIIHOW CMECH, IpU CBapke rapora3oBoil cMmecH, IpuU CBapke B 3a-
IITYYHBIMH 3JIEKTPOJaMu (KOHIICHTPAITHS OIUTHOM Ta3e (KOHIICHTPALUs YaCTHIL
gactui 7, =10"em™ n,=10"cm™

ypaBHeHusMH (13) ¢ yderom oTkioHeHms oT paBHoBecus B OII3 (10). Pesympru-
pyIoIIre 3aBUCHMOCTH KOHIIEHTPAIUi 3JICKTPOHOB W HOHOB OT TEMIEpaTyphl mapo-
BO3/YIIHON CMECH, 00pa3yIOIeics NPy CBapKe IITYYHBIMH 3JICKTPOAaMHU, MPEICTaB-
JieHbI Ha puc.2. U3 pacyeToB cieayeT, YTO OTKIIOHEHHE OT PABHOBECHS YBEIUUUBACT-
Csl C MOHMKEHUEM TEMIIEPATYPhl CMECH, KOTJa OMPEICIIAIONIYI0 POJIb HAYMHAET Wr-
patb Y®-uonuzanus. Ha puc.3 mpeacTaBieHbl 3aBUCUMOCTH KOHIIGHTPAIIMH 3JIEK-
TPOHOB M MOHOB OT TEMIIEpaTyphl apora3oBoil cMecH, oOpasyoleiics Npu cBapke B
3aIIUTHOM Ta3e I CIEeIyIoMero HCXOAHOTO KOMIIOHEHTHOTO COCTaBa MapoB: jKeje-
30 — gp =091, mapranen - g,, =0.07, xpemuuii — gg =0.015, menp —
gc, =0.005.

IIpu cBapke B 3alIUTHOM ras3e BIMSHHE HEPABHOBECHON MOHU3AIMU BBIIIE, YEM
IPU CBAapKE MOKPHITBIMH 3JIEKTPOAAMH. JTO 00YCIIOBIEHO HU3KOHM PaBHOBECHOH CTe-
NeHpl0 noHn3anuu. [Ipu OonpmyX 3HAUCHMSIX MOTEHINAIA HOHU3AUA aTOMOB ypaB-
HeHue (8) JaeT BeIMYUHY MOBEPXHOCTHOM MOHM3AIMK TOPa3f0 MEHBIIYI0, YeM MpH
MOTEHIMAJIe HOHU3AIMH LIEJIOYHBIX aTOMOB. DTO NPUBOAUT K O0Jiee 3aMETHOMY OT-
KJIOHEHHIO OT PAaBHOBECHS 3a CUET JI00ABOK K KOHIEHTparwmu dn (9).

Ecnu B 3aIIUTHBIN ra3 BBECTHU IIEIOYHYIO IPUCAJKY, TO KOHIIEHTpAIUs HOHOB B
Mapora3oBoil cMecH yBEeIMYIHUTCS. 3aBUCUMOCTH KOHIIEHTPAIlUU HOHOB OT TeMIIepaTy-
PBI TTApOTa30BOM CMECH IJIsI Pa3HOTO COAEPKaHHUsS aTOMOB KalMs B 3aIlIUTHOM Trase
npuBeneHbl Ha puc.4. B HadanpHBIE MOMEHT BpeMeHH (mpu Temmepatype 3000 K)
CMEIICHUS ellle HeT, U KOHIIEHTpAlus HMOHOB OIpEJeNseTcss HadadbHbIM COCTaBOM
napoB. OHaKO MO0 Mepe CMEMICHHUs MapoB C 3aIUTHBIM Ta30M, MPOUCXOANUT yBEIH-
YeHHE KOHLCHTPAIU HOHOB 33 CUYET HOHU3ALUH aTOMOB Kaus. Jaxke oueHb HU3KOe
cogepxkanue menouHoit npucaaku (0.01%) mpuBOAUT K CyLIECTBEHHOMY yBelHue-
HUIO KOHLIEHTPALUX HOHOB U, COOTBETCTBEHHO, 3JEKTPOHOB, UTO JIOJLKHO OKa3bIBaTh
BO3/ICMCTBHE Ha MPOLIECCHI HYKJICAIIMH U POCTA 3aPOIbIIIEH.

132



Dizuka aepoucrepcHux cucrem. — 2018. — No 55. — C. 126-138

10"

Maccosan gons
Kanus

1.0%

KoHueHTpaums noHos (cm™)

12
103000 2500 2000 1500 1000 500 0
Temneparypa, 1" (K)
Puc. 4. 3aBUCHMOCTH KOHIIEHTPAI[UH HOHOB OT TEMIIEPATYy-
Pbl IapOrazoBoi cMecH, IIPU CBapKe B 3aILUTHOM Ta3e C MPHCaIKOM

Kanusi (KOHLCHTPALs YaCTHI( 71, = 10%em™?

JKcnepuMeHTATIbHOE HUCC/Ie0BAHUE BJIMSIHUSL COJAEPKAHUS IIEJT0YHOI
NMPHCAIKH B 3aIIIITHOM Tra3e Ha JUCHEPCHBI COCTaB CBAPOYHOI0 a3po30.s. [
V3YYEHUS BIUSHUS COAEPIKAaHUS MPHUCATOK Kausl B 3alIUTHOM Ta3e ObLIa MCIOJIb30-
BaHa HKCICPHMEHTaJIbHAs YCTaHOBKA, CXeMa KOTOpPOH IpeacTaBieHa Ha puc.5. Ca-
POYHBIN a3p0O30JIb MOJIYYa N B CBAPOYHOHN KaMepe B Mpoliecce HAIUTaBKU MeTalia Ha
Bpawatonuiicst (106/mMun) nuck (auamerp 180 MM, TommmHa 12 MM) U3 HU3KOYTJIe-
poaucroit cramu Ct3 momyasromaroM uHBepTOpHOro Tuma «llaton IICHU-250P DC
MMA/MIG/MAG».

TTapameTtpsl pexxuma HariaBKH 3JIeKTpoaHON npoBosiokoil CBOSI2C nuamer-
pom 0,8MM: oOpaTHas MOJSIPHOCTD (IJIEKTPOIHAS POBOJIOKA SIBIIACTCS MOJIOKUTEIb-
HBIM, a HAITJIABJIIEMbIH JUCK - OTPHUIIATEIBHBIM ITOJIFOCAMH), TIOCTOSTHHBIN TOK 95+5 A
n Hanpsbkeaue 20+0,2 B, ckopocTh momaun npoBoJioku 8,6+0,1 cm/c. Bo Bcex ombI-
Tax MOJAEPKUBAIM MOCTOSHHBIMU PACCTOSHUE MEXAY KOHTAKTHBIM HAKOHEYHHKOM
Y HaIuIaBJsieMbIM TUCKOM (9 MM) u yroa (90°), u3sMepeHHBIH MEXIy AUCKOM U OCBIO
TIPOBOJIOKH.

Benenne mpucagku xamus B 3amuTHEINA ra3 (CO,) OCyIIECTBISUTH MIPH TIOMO-
IIM THEBMATHYECKOTO MemuiMHCKoro HeOymaiizepa (Vega Technologies Inc.) ¢ cer-
KOl M3 Hepxkameromied cranmu (pasmep saeek 100 mxm). [l pacmbuieHUS BOJIHOTO
pacTBOpa KapOOHaTa Kalus MCHOIB30BANICS MOTOK (4 JI/MUH) CyXO#l IBYOKHCH yTIIe-
pona. O6pa3yroomuiicss MpU pacHblICHUN a3p0o30ib (CpeiHUi AuaMeTp Kamenb <6
MKM), TOCTYIaJ B KaMepy CMEIICHHUS/CYIIKHA Yepe3 [EHTPaJbHOS OTBEPCTHE MOPHC-
TOH IUIACTUHBI U3 HepxaBerolled cranu. Ui yIUIOTHEHUS! MOPUCTON IJIACTHUHBI IO
MEPUMETPY U B IIEHTPAIIEHOM OTBEPCTHH HCIIOJIH30BAIHCH TE(QIOHOBEIE KoJbra. Jlo-
MOJIHUTEINIBHBIA CITyTHBIH IOTOK CYXOH JBYOKMCH yriepona (5 j/MUH) BBOJMJICS B
KaMepy CMEIICHHS/CYIIKH HIDKE TOPUCTON IUTACTHUHBI. JIOTIOMHUTEIBHBIN TOTOK He-
00xonnM [Tt oOecriedeHns] peKOMEHIyeMOro MOTOKa 3aIlUTHOTO Ta3za B IIpoIiecca
CBapKH, CYIIKH Kamellb pacTBOpa, U TPAHCIOPTUPOBKU MOTYYEHHOTO a’po30Jis dac-
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Puc. 5. Cxema SKCIepHMEHTAIFHON yCTaHOBKH: | — cBapodHas Kamepa; 2 — CBa-
pOYHAs Topernka; 3 — BpaIalouiics TUCK [T HaIUIaBKH MeTaylIa; 4 — IeIeBOi BO3AyX0-
3a00pHUK; 5 — BEPTHKAIBHO PAcIOIOKEHHAs TpyOa; 6 - HaKOHEYHUK INPOO0OTOOPHOM
TpyOKH A7 M30KHMHETHYECKOro ordopa mpob; 7 — a3po30ibHbIA pa3daBuTelb; 8 - nasep-
HBIN a9pO30JIBHBIN CIIEKTpOMeETp; 9 - ra3oBble porameTpsr; 10 - razoBbie kpaHsbl; 11 - HEOY-
naiizep (pacubUINTENb) pacTBOpa kapOoHaTa Kaius; 12 - mopucTas IulacTHHA M3 Hepika-
Beromeil cranu; 13 - ceTka W3 HepkaBewoued cramu; 14 - xamepa CMeEIICHHs/CYIIKH.
Puc.5a Cxema cBapodHOit ropenku: 1 — 3JeKTpoAHAs IPOBOIOKA; 2 — KOHTAKTHBIH HAKO-
HEYHHK; 3 — ra3oBoe COIUIO CBAPOYHOU ropeikH (BHyTpeHHHU nuameTp 15 mm); 4 - auck
JUIS HAIUTaBKH MeTajuia

THUI] KapOOHaTa KaJHs B Ta30BOE COILIO CBAPOYHOHN TOPENKH ¢ MUHHUMAIBHBIMH ITOTE-
PSAMH Ha OCaXJIeHHE B MAarMCTPaJH [TOJIauH 3alUTHOTO Ta3a.

MaccoBblil pacxoa pacTBOpa B MPOLECCe PACHIBLICHUS ONPENeNIsId MyTeM HU3-
MepeHHs M3MEHEHHs1 Macchl HeOymalzepa 3a BpeMs KaXJoro ucrbeltaHus. KoHieH-
TPALMIO IPUCAIKN KK B 3allIUTHOM Ta3e BapbHUPOBAIH ITyTeM W3MEHEHHs KOHIICH-
Tpauuu kapOoHaTa Kajus B BOJHOM pacTBope B AuamnazoHe 1+25%. Ilpu u3MmepeHusx
CYETHON KOHLIEHTPALUHU YaCTHIl CBAPOYHOTO a’3PO30JIs UCTIONIB30BAJICA a3PO30JIbHBIH
pasbaButens ¢ koddduimenToMm pazbasienus 230 it pacxoja MoToka mpoosl 1
7/MuH. JIuCTIepCHBIA COCTaB a’p030J1sl H3MEPSUTH C TTOMOIIBIO JIA3EPHOTO a3pO30JIb-
Horo criekrpoMetpa JIAC-IT ¢ kanamamu (MxMm): 0.15-0.2; 0.2-0.25; 0.25-0.3; 0.3-0.4;
0.4-0.5; 0.5-0.7; 0.7-1.0; 1.0-1.5; >1.5 (Hay4Ho-HccienoBaTeabCKuil (HHU3UKO-
XUMHUYECKH MHCTUTYT nMeHn KaproBa, Mogens 9814.290.000). M3mepennas ¢ mo-
moutpio JIAC-TI cuernas xoHuentpamus (1/cM’) YaCTHII CBApOYHOrO a’po3ois B
npo0e, NepecuuThIBAIaCh Ha CKOPOCTh oOpasoBaHus (1/MMH) wacTHI B mpolecce
CBApKH, NIPUHHMAs BO BHHMAHHE PacXoj Bo3ayxa 1,7 M’/MHH, yHalseMoro u3 cBa-
POYHOIT Kamepbl, ¥ KO3 PHUIUCHT pa3daBieHus npoOsl [12]. Pe3ynbraTel usmepeHuit
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Puc. 6. Binsiaue MaccoBOM TOIM Kaaus B 3al{UTHOM ra3e Ha
CKOPOCTH 00pa30BaHUs YACTHI] CBAPOYHOTO adPO30JIs

B 3aBHCHMOCTH OT TIPOLIEHTHOTO COJEPKaHMUsI KaIns B 3aIIUTHOM ra3e MpeICTaBICHEI
Ha pHuc. 6.

CBapouHBIf  a3po305ib  OOpa3yeTcss B pe3ylbTaTe TIe€TepOreHHOW HOH-
MHIYIMPOBAHHON HYKJEallMd B IIApOra3oBOM Cpele, HACBHIIEHHOW 3JIEKTPOHAMU.
[TosToMy, 0OMEH 3apsgamu M SHEpPruel MexIy 3apoABbIIaMH W CPEeAOH BIMACT Ha
npoiiecc Hykieanun. B paborax [2, 13] 6bU10 IpeiokeHo clenyoliee BeIpaXkKeHue
JUTSL OTIMCAaHUsI U3MEHEHUsI CBOOOIHOI »Heprun [ mb6ca npu Hykiearyn:

4 SpkTInS

AG =4nr’c——mr, +E +E _+E, (19)
n 3 c ex q

n

m

a
TA€ ¥, — paguyc 3apojbllla, G =Gy, / (7, +28) — NOBEPXHOCTHOE HATSDKEHUE KaIlld
3apOAbIIA, G, — IOBEPXHOCTHOE HATSHKCHUE IIOCKOM IMOBEPXHOCTH, § — IJIMHA
Tonmena, m, — aTOMHas Macca KOHJIEHCUPYIOIIErocs BENIECTBA, P — €TI0 INIOTHOCTb,

S — mepeHachIIeHe KOHICHCHPYIOMIETOCs Mapa B ITapora3oBOi CMECH.
[epBbie nBa YeHa B MpaBoi YacTH ypaBHEHHUS (19) OMHCHIBAIOT KIIACCHYIECKYIO
TOMOTEHHYIO HyKJeanuio. Bennunna E_, — U3MEHEHHE MOBEPXHOCTHOTO HATSDKCHUS

B pe3yibTaTe 00pa30BaHUS JBOMHOIO CJIOS B Kalljie 3apoJbliia, KOTOPOE B KYJIOHOB-
CKOM HPUOIIKEHUU ONpPeNensIeTcs KaK

£ =2l
o = )
2
rae Z, — 3apsj 3apobla.
Bemnuuna E, — u3MeHeHHe CBOOOJHOW SHEpruu B pe3yibTaTe Ieperayu

SHEPruM JIEKTPOHOM IIPU NOIIOIEHUY WA SMUCCUU 3JIEKTPOHA:
3
E,.=-Z, [Wn +EkT ,

riae W, — paboTta BeIX0Ja.
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Bennunna E, — u3MeHeHne CBOOOJHOMN SHEPruu B pesysbTate 0OMeHa 3apsiia-

MU, KOTOPOC AJIs IIPOBOJALICTO 3apOJAbIlia ONPEACIACTCA KaK

2( 52
VA
E = 7n+1_l,
! 2 rrl r}'l r‘l

rje 7, — pajuyc HOHa.
KoHueHTpauus paBHOBECHBIX 3apOJBILICH C PaflycoM 7, =T,,, KOTOpas Ompe-
Jensiercs MUHUMYMoM (yrkin AG(r, ), paBHa [2]

M40
n, = « : (20)
" AG(r,
N, -i—N;j/2 expi( eq)
kT

Tac n,, — UCXOJHas KOHICHTpAalus KOHACHCHPYIOIINXCs aTOMOB, N

an — KOJIMUECTBO

aToMoB B 3apogeime: N, = 4zor, /3m, .

3aBUCHUMOCTh KOHIIEHTpaIuu 3apoabiuiei (20) oT MaccoBOil T0IM Kalus B 3a-
IATHOM Ta3e cpefie TaKkKe MperacTaBieHa Ha puc.6. C yBEMMYCHHEM MO KaJus
KOHIICHTpANsl 3apOAbIIIeH YMEHBIIACTCS, YTO OMpenesIeTcs MexX(a3HbIM B3aHMO-
JielicTBHEM B TIpoliecce HyKJIeallnd, KOTOPOe MPUBOJHUT K POCTY OTPUIATEIBHOTO 3a-
psifa 3apofbllia C yBEIMICHHEM KOHIICHTpAIMM 3JIE€KTPOHOB B MaporasoBoil cpene.
VBenn4yeHne KOHLUEHTPALUKMH 3JICKTPOHOB IIPUBOANT K pocTy wieHos £, E, , E, B

ypaBHeHHH (19) U, COOTBETCTBEHHO, K YBEIMICHUIO N3MEHEHHUS CBOOOIHOW SHEPTHU
I'mG0ca B mporecce Hykieannn AG , 9TO TakKe MPOIEMOHCTPUPOBaHO Ha puc.6. Kak
cnenyer u3 (20), ysenmaenne AG(r,,) IPUBOJMT y CHIKEHUIO KOHLEHTPALMK 3ap0-

ex?

JIBIIIE.

Hcxoanasi KOHUEHTpAIMsl 3apOAbIIIeH OIMpeNesieT Bce OCTalbHbIE MPOLECCHI,
MPOMCXOASIINE TIPH (OPMHUPOBAHUHN arjioMepaToB IMEPBUYHBIX YACTHIl — MHTAJIAIIH-
OHHBIX YaCTHI[ CBAPOYHOTO a3pPO30JIs, B TOM YHCIIE H CKOPOCTh UX 00pa3oBaHUS MPH
CBapKe B 3alUTHOM rasze. Koppemnsius Mex1y CKOpOCThI0 00pa30BaHMUs YaCTHIL CBa-
POYHOTO a’po30Jii M HMCXOJHOH KOHIIEHTpAlMeH 3apofpIliell XOpOoIIo BHIHA Ha
puc.6.

3axuriouenne. [ToBepXHOCTb 3apsKEHHBIX KOHIECHCHPOBAHHBIX YaCTHUI] SBISET-
sl IPUYMHON CMEIEeHHsT HOHU3ALMOHHOTO PAaBHOBECHS B IIa3Me, KOTOPOE BIIUSAET Ha
CPEIHIOI0 KOHILEHTPALUIO 3I€KTPOHOB U HOHOB B IlIa3Me. DTO CAMOCOTIACOBAHHBII
MPOIIECC, TaK KaK KOHLEHTPALUU HOCHUTENEeH 3apsia ONpeersioT 3apsj 3apoblliei,
a 3apsij 3apoAbIlIel BIMAET HA caM IPOLECC HyKJIEealuH, T.e. Ha pa3Mep U KOHIICH-
TPaLMIO 3apOBILICH.

JlobaBneHne NMpUCAIKK KUl B 3aIUTHBIN ra3 MPUBOANUT K YBEIWYECHHIO KOH-
LEHTPALUN HOCHUTENEH 3apsia B IUIa3ME€ CBAPOYHOTO adpO30JIs, YTO BBI3BIBAET YBe-
JWYCHUE OTPUIATEIHHOTO 3apsi/ia 3apoABIIeH W POCT M3MEHEHHsI CBOOOIHOM SHEp-
ruu ['n66ca npu Hykiaeanuu. DTO SBISETCS NPUUMHON YMEHBIIEHUS KOHLEHTPaluu
3apOJIBIICH 1, COOTBETCTBEHHO, YMEHBIICHHSI CKOPOCTH 00pa30BaHUsI MHTAISLIMOH-
HBIX YaCTHUI] CBAPOYHOT'O a3PO30JIsL.

136



Dizuka aepoucrepcHux cucrem. — 2018. — No 55. — C. 126-138

Takum oOpa3oM, BBEIICHHME HE3HAUMTEIbHBIX Mpucanok kamus (meHee 0,1%) B
3aIIMTHBINA Ta3 MO3BOJIIET MUHUMH3HPOBATH HETaTHBHOE BO3JICHCTBHE CBapOYHOTO
a3po30J1s Ha 3/10POBbE CBAPIIUKOB, TAKKe IMPHBOIUT K MOTJIOMIEHUI0 KOPOTKOBOJIHO-
BOro Y®-u3irydeHust Jyru ¥ COCOOCTBYET CHI)KEHHIO HHTEHCHUBHOCTH 00pa30BaHUs
TOKCHYHOTO 030HA B IPOLIECCE CBAPKH.
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Buwnaxoe B. 1., Onpa M. B., Ennan A. A.-A.

BnuiuB Js1y:KHOI IpHcagKku y 3aXHCHOMY ra3i Ha JMCIIepCHUM CKJajg
3BapHOBAJBHOIO 2€PO30JII0.

AHOTAIIA

Hocnioxceno ionizayitinuil OAIanHC y NAA3MI 36APIOBATILHO20 AEPO30II0 NPU eleKmpPo0y20-
60MY 36apIOBAHKI Memanie y 3axuchomy 2asi. [lpucymuicms KOHOEHCOBAHUX YACMUHOK CHpU-
YUHSIE IOHI3AYII0 AMOMIE 2A3y HA NOBEPXHI YACMUHOK | NPU3600UMb 00 3MIleHHsl [OHI3aYili-
HO20 banaucy 6 obaacmi npocmopo8oco 3apsady HA6Koa0 Yacmunku. Tomy, cepeoHi Konyenm-
Payii’ eleKkmponie ma IOHi8 y Niasmi 3MIHIOIOMbCS 8 NPUCYMHI 3apsiodicenux yacmuHok. Lle
BNIUBAE HA NPOYEC YMBOPEHHA 3apOOKie md, 8i0N0BIOHO, 3MIHIOE WEUOKICTIb YIMEOPEHHS Yd-
CIMUHOK 38aPIO6ANILHO20 AepO30i0. BuMIpAHI UOKOCMI YMEOpeHHA YaCMUHOK Npu Pi3HOMY
emicmi OOMIULOK KAil0 8 3aXUCHOMY 2a3l. Po3paxynkoea KoHyenmpayis 3apooKie npu pisHo-
MYy émicnmi OOMIUOK KAIO 6 3aXUCHOMY 2a3i 000pe KOPeuoe 3 00epAHCaAHUMU eKCHepUMEHMA-
JIbHUMU OAHUMU.

Vishnyakov V.1, Oprya M.V., Ennan A. A.-A.

Effect of alkaline additional agent in shielding gas on disperse
composition of welding fume.

SUMMARY

The ionization balance in the welding fume plasma is studied for gas metal arc welding.
The presence of condensed particles causes the ionization of gas atoms on the particle surface
and leads to ionization balance displacement in the space charge layer around particle.
Therefore, the average electron and ion number densities are changed, when charged par-
ticles are present in the plasma. It leads to the nucleation process change and, accordingly,
influences the fume formation rate. The measured particle formation rates for different potas-
sium additives in the shielding gas are presented. The calculated nuclei number densities for
gas metal arc welding with potassium additive, which correlates well with experimental data,
are demonstrated.
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MaJjionHepUHOHHBII C1I0c00 ynpaBJieHUs MOJISIMU TeMIlepaTyp U
nepecbiieHuil B Tepmoau¢y3MoHHBIX Kamepax.
OnbIThI N0 HecaenoBanuo Aupdy3nodopesa.

AHnanuz npoyeccog menioMacconepeHoca 8 NOMOYHOU MepMoOUPGy3uoHHOl Kamepe
(THK) nokaszan, umo usmeHeHue memnepanypvl OONOIHUMENbHO20 HAZPEBAMENbHOZ0 Jile-
MEHMA, NOMEUEHHO20 6HYMPb KAMEPbl, NO360ISIeN 3d KOPOMKOe 6peMsi Nepecmpausams me-
NI060U pedcuUM Kamepvl U YCMAHABAUBAMb HeoOXooumoe nepecviuyenue. llpednoscennulil
cnocob ynpasnenus meniogoimu npoyeccamu ¢ THK nonoscen 6 ocHogy onbimno2o o6pasya
yempoiicmea, 6 x00e dKCHepUMeHmMAanbHOU NPOSePKU KOMOpPo2o YCHMAHOBIEHO, Mo memne-
pamypa HazpeeamenbHO20 IJeMeHma Gausem Hd pAcnpeoeieHue MmemMnepamypbl 6 KaHaie
Kamepvl U HA NPOPuUIbL nepecviuyerus. IKCNePUMEHMATbHO OOKA3AHO, HYIMO NOOOOHOe yCm-
DOUICMBO MOICHO UCHONB308AMb KAK OISl CO30AHUS 2PAOUEHINO08 KOHYEHMPAYUU napa 8 ycio-
8UAX OOHOPOOHO20 MEMNEPANYPHO20 NOJISL, MAK U NEPECLIYeHUs 8 WUPOKOM OUANA30He 3HA-
yenutl. T/K ¢ HazpesamenbHbiM d1eMEHMOM NPOULIA ONBIMHYI0 NPOGEPKY 8 Kauecmee aspo-
30/1bHO20 PUILMPA U OOKA3AIA CBOIO BbICOKVIO I(PhekmuerHocms.

BBenenne. B sKkcreprMeHTaNBHBIX HCCICIOBAaHUAX KOHACHCAIMH IApOB pas-
JIMYHBIX BEIIECTB HA a3PO30JBHBIX YaCTHIAX IIHPOKO HCIIONB3YIOTCSA TepMOAn(pdy-
3HOHHBIE KaMepbl — YCTPOIHCTBA, CO3/A0NINE KOHTPOIUPYEMbIe IIePECHIICHUs apo-
BOM KOMIIOHEHTHI B Cpefle C 3aJaHHBIMU T'paJUEHTaAMM TEMIIEPaTypbl U KOHIIEHTpa-
mun mapa. Hambonplnee pacrpocTpaHeHHe B (QHU3MYECKON XUMHH, METEOPOJIOTHH,
(u3nke a’po30iei U LEIOoM psfe MPOU3BOJICTBEHHBIX MPOIECCOB MOIYyYMIN JHHA-
MUUECKHe (WM MOTOYHBIEe) TepMmoauddy3noHHsle kameps! (B panbHeimem TJK).
Tak, B skcniepuMeHTaibHOM Meteoponoruu TJIK ucnoneiyrorcst nmsi onpezaeneHus
AKTUBHOCTH aTMOC(EpHBIX Anep KOHICHCAIMH NP 00pa3oBaHWU OOJAKOB W TyMa-
HOB, a TaK)Ke aHaJIM3a MPOIECCOB BEIMBIBAHUS BHICOKOAUCIIEPCHBIX a9pO30JIeH U3 aT-
Moctepsl. B menunuHe, 3K010Tud, MUKPOOHOIOTHYECKOH MPOMBIIUICHHOCTH IIPO-
BOJSATCSA Pa3pabOTKU BHICOKO3(DPEKTHBHBIX a’po30JbHBIX GuiabTpoB Ha Oaze THK,
T7ie OCaXIEHUE TUCIIEPCHOM KOMIIOHEHTBI U3 Ta30BOH (BO3AYLIHON) Cpeabl MPOUCXO-
JIIT TIOJ IeHicTBHEM ciil TepModopesa w/miu nuddysnodopesa.

[otounas Tepmonuddy3noHHas Kamepa IPeICTaBISIOT CO00I YCTPOHCTBO, CO-
CTOsIIIee M3 JBYX MOBEPXHOCTEH (KOAKCHANBHBIX IWIIMHIPOB JIMOO IUIOCKOMapa-
JIebHBIX [UIACTHUH) UMEIOIUX PAa3HYI0 TEMIEpaTypy U CMOUEHHBIX KaKOH-IH00 Kua-
KOCTBIO (Hampumep, Bojoi). Cxemarndeckoe M300pakeHHe KaMephl MPeICTaBICHO
Ha puc.l. Uepe3 mpocTpaHCTBO MEXITy TOBepXHOCTAMH (To3urmu 1 u 2) mporrycka-
eTcsl a3po30Iib, MO0 BO31yX (HAampaBlieHWE TEUSHHUs IT0Ka3aHO Ha puc.l QurypHoii
CTpeJKoii). 3a cyer pa3HO KOHLCHTPALUKM HACBIIICHHBIX MapoB BONM3M Oojee Ha-
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Clo Co(1) (&)
Puc. 1. Cxema craHAapTHON TUHAMHYECKOW TepMOIUQPPY3HOHHON KaMephl Iielie-
Boll KoH(puryparmu (obpasyemoii miactuHamu 1 u 2). Bepxuss miactuna (1), cma-
4yuBaeMasl BOJOH, umeeT temieparypy 7, Oosee BBICOKYIO, YeM TeMIepaTypa HIX-
Heii ractunsl (2) 7. Ha pucynke nokasansl npogunu temmepatypbl T(E), KOHICH-
tpauu napa C(&), koHueHTpanuu HackieHHoro napa Cy(7) u nepechinenus 8(<)

TpeToif MOBEPXHOCTHU (HMO3MIHS 1) ¥ IOBEPXHOCTH, UMEIOIIEH MEHBIIYIO TEMIIepaTy-
py (mo3umnus 2), B IPOCTPAHCTBE MEXTy HUIMH BO3HUKACT MEPEChIICHUE.
ITon nepecsleHNeM TOHIMAETCs BEJIMUMHA, ONpeessieMasl BEIpakeHHEM:

P G525 Y (1)
C[7(x.0.2)]
3neck C(x,y,z) — KOHIIGHTpAIKs Tapa B 3alaHHON Touke npoctpaHcTia; Cy(X,V,z)
— KOHIIEHTpaIMs HACBHIIIEHHOTO Mapa B TOW e TOYKE W MPU TOH K€ TeMIepaType.
3aBUCHMOCTh KOHIICHTPAllMU HachImeHHBIX mapoB Cy[T(x,y.z)] OT TemmepaTypbl
YIOBIETBOPUTEIBHO ONUChIBaeTcs popmyioit Kiraysuyca-Kanetipona:

CJT(x,y.2z)] = exp[A —B/T(x,y,2)] 2)

e A 1 B — K03 HUIHEHTH, 3aBHCSIINE OT (HPU3NIECKUX CBOMCTB BellIecTBa (3HaUe-
HUS UX HAXOJATCA B CIIPABOYHOM JTUTEpAType).

Jnst pacyera pacmpeseieHus NEepechIleHus J(X,),z) B NPOCTPAHCTBE MEXIY
IUIACTHHAMK HEoOXOJMMO 3HATh TOJISl TeMIeparypsl 7(X,y,z) ¥ KOHLEHTpPAIUH napa
C(x,y,z). B caydae meneBoit TJK, y xoTopoil paccTosHUE MEXKIy IIaCTHHAMHU d
MHOTO MEHBIIIE IIMPHUHBI KaHajla, paclpeaAeeHUs TeMIepaTyphl 1 KOHIICHTPALIUH T1a-
pa B NepBOM HPHOJIMKEHUH YJIOBJIETBOPUTENBHO OIMCHIBAIOTCS JIMHEHHBIME (yHK-
My (eM. 3apucuMocta 1(€) u C(€) Ha puc.l, rne & = x/d — OTHOCHUTENbHAS KOOP-
muHATa). BBUIOY CI0XKHOTO XapakTepa 3aBHCHMOCTH KOHIIEHTPAIMM HACHIIIEHHBIX
[apoB OT TeMIepaTyphl, NPOQWIb MEPEChIIEHUs UMEET acCCUMETPUYHBIH BUJ (CM.
kpuByo 8(&) Ha puc.1). [Ipnuém, Bo BCcex TOUKAX MMPOCTPAHCTBA MEXKTY IUIACTHHAMH,
32 WCKIIIOYCHHEM IOBEPXHOCTH CaMHX IUIACTHH, 0(§)>0. B momoOHOM ycTpoiicTBe
Mepexo/1 C OJTHOTO TEIUIOBOTO PeXHMa Ha JAPYroM, T.e. 3a/laHie HeOOXOJMMBIX 3Ha-
YEeHUIl MepechIleHNs, JOCTUraeTcsl TOJbKO IMyTeM H3MEHEHHs TeMIIepaTypbl BHYT-
PEHHUX MOBEPXHOCTEN caMOil KaMepBbl.

HeranpHOE paccMoTpeHue npoiieccos, nporekatomux B T/K, npusenu aBropos
[1,2] k co3nanuio HOBOTO Buja TepMOAN(]Y3HOHHON KaMepbl C CeT4aThIM HarpeBa-
TeNbHBIM 37eMeHTOM [3]. B OCHOBY ympaBieHHs TEIUIOBBIMH IIPOLECCAMH B TakKon
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C=Cy(T)= 0,02
cE
Puc. 2. Cxema nuHamudeckoi TepMoanddy3HoHHON KaMephl C CETYATHIM

HarpeBaTeIbHBIM JICMEHTOM («CeTKa, Mo3uIus 3)

¢ (=wd) o(d)

THK, monoxkeH cnoco0, aHAOTHYHBIA TOMY, KOTOPBIA OBUT MPENJIOKEH IS YIpaB-
JICHUSI aHOIHBIM TOKOM B TPEXIJICKTPOTHOH 3JIEKTpOHHOH Jamre (Tpuoze). «Kato-
JIOM» B KaMepe BEICTyIaeT OoJiee HarpeTas CTeHKa ¢ TeMIlepaTypoi 7., ¢ MOBEpXHO-
CTH KOTOPOI! KUIKOCTh HcnapseTca. Ha HinkHEl cTeHKe KaMephl (aHaJIOT «aHOIay) C
TeMueparypoil 7,<7, NIpoUCXOAUT KOHAeHcauus napa. Pojib 1aMIoBoil «yIpaBisiio-
et cetkn» B TK BBIMOTHAET ceTYaThI HArpeBaTeNbHBINA JIIEMEHT C TEMIIEPaTypoit
T. (B mayIbHEHIIIEM TIO TEKCTY «CETKa»).

Koncrpykrusno norounas T/IK ¢ cerkoit (cokpaménno TIKC) npencrasiser
co0oit meneyro TK, cocTosmyro u3 ABYX INIOCKUX MapaJIeTbHBIX TUIACTHH (pHC.2
no3unuu 1 u 2), B IPOCTPAHCTBO MEKITY KOTOPBIMH IIOMEIIEH CeTYaThIi HarpeBaTeyb
(puc.2 no3umus 3). «CeTka» UMeeT IUIOIMAAb PaBHYIO IIIOMIAN ITACTHH U PACHOIOo-
JKeHa TapajuienbHo M. BBeneHne «ceTkm» pa3duBaeT BCE MPOCTPAHCTBO KaMephbl Ha
JIBE 30HBI: «OoJlee HarpeTas cTeHKa — ceTka» (3oHa 1-3, cM. puc.2) U «ceTka — XO-
nonHas cTeHka» (30Ha 3—2, cM. puc.2). 3oHa 1-3, yepe3 KOTOPYIO MPOXOJIUT a’po-
30JIb WJIM TA30Basi CMeCh (Ha PHC.2 3TU NMOTOKU NMOKa3aHbl GUIYPHOIl CTpENKoi), Ha-
3BIBaeTCs pabodeii 30HOW. Pa3mep sdeek ceTku momoOpaH TakuM oOpa3oM, 4TO OHA
MIPaKTUYECKU HE OKAa3bIBAET CONPOTUBJICHUS NOTOKaM MOJIEKYJ BOJSHOIO Iapa u
Bo3ayxa. HarpeBanue «ceTku» OCyIIECTBIIsI€TCA ITyTEM MPOIMYCKaHHUs MO Hel 3Jiek-
TPUYECKOT0 ToKa. TemmepaTypa ceTyaToro HarpeBaTeJIbHOTO IeMeHTa 1, 3aBUCHUT OT
CTEINEHU €r0 HArpeBa U MOJIOXKEHUS B KaHAJIE KaMephbl.

HarpeBaHue «ceTku» OKa3bIBaeT BIUSHHE HA MPO(UIb TeMIepaTyphl B KaHaye
kaMmepsl. I1ockoNbKy pacnpenencHue KOHIEHTPAlUY aKTUBHOM KOMIIOHEHTBI Fa30BOM
cmecn C(&) ocraercss HEM3MEHHBIM, TO M3MEHEHHE TEMIIePaTyphl CETKH MPHBOAUT K
M3MEHEHHIO TIEPECHIICHU B 00enx 30HaX. TakuM o0pa3oM, MCIIOJIB30BAHUE CceTda-
TOTO HArpeBaTEeNIbHOTO AJIEMEHTAa IO3BOJSAET YIPABIATh MEPECHIICHUEM B KaHale
THAKC myTtem paszeneHus MpoieccoB MePeHoca TeIia U MacChl.

Pesynbratel pacdera npodwire temneparypsl 7(§), konnentpamun C(E) u me-
pecsiienns 6(&) U1 CUCTEMBI BO3yX-BOASIHOW Iap MOKa3aHbl HA PUCYHKE 2 IyHK-
TUPHBIMU JIMHUSIMU IS CIIy4asi, KOTla TeMIIepaTypa «CeTKu» 1, paBHa TeMIepaType
BepxHuel miactunbl T, (T.=7,=313 K). Pacders! BbmosHeHs! a5 yeinoBuit 7,=293 K,
T, =313 K. Crutourssie JIMHUU HA TOM K€ PUCYHKE COOTBETCTBYIOT CIIyHar0 OTCYTCT-
BUS HarpeBa ceTKU. Tak Kak pachpeseneHue KoHIeHTpauu napa C(E) He 3aBHCUT OT
TEMIIEPATYpPhl «CETKU» 7., a ONpEeaeIsieTcsl TOJIbKO TeMuepaTypaMu mwiactud 1, u T,
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To mpsimasi C(&) Ha puc. 2 coBnanaet ¢ npsmoit C(§) Ha puc. | mpu OTMHAKOBBIX I'pa-
HUYHBIX yCIOBUIX.

IIpu BemonHeHnu ycnosus 1,=7, akTUBHasi KOMIIOHEHTA ra3oBoil cMecH B 00e-
WX 30HAaX SBISICTCS HEHACHIIIEHHOW W, COOTBETCTBEHHO, mepeckimenue 6 < 0 (cm.
MYHKTUPHYIO JTUHUIO 6 prc. 2). Takoro ycjaoBus NPUHIHMIHAIBLHO HEBO3MOKHO J10-
OuThCA B 0OBIYHBIX TepMoau(h(Hy3HOHHBIX kKaMepaX. Erre ool BaxkHOH 0coOeHHO-
cteio TJKC sBisieTcst TO, 4TO MpH PaBEHCTBE TEMIIEPATYpP «CETKM» W 0oJiee Harpe-
Toit creHkH (7,=T7,) B paboueii 30He KaMephl B YCIOBUAX OTHOPOJHOTO TeMIIEpaTyp-
HOTO TIOJIS CYIIECTBYET TpaMeHT KOHIeHTparmu napa. Co3maHue moJoO0HOro poja
YCIIOBUI TPEAOCTaBIAET HCCIEAOBATENSIM NPHUHIUIHAIBHYI0 BO3MOXHOCTE JKCIIE-
PUMEHTATIBHO M3y4aTh siBieHHE Au(y3nodope3a B OTPHIBE OT YacTO COIYyTCTBYIO-
miero eMy siBjeHus tepmodopesa. B 00braubx motounbix THAK cuimer Tepmo-u aud-
(y3modopesa, neicTBYONIIE Ha a3PO30JIbHBIC YaCTHIIBI, HePa3AeIHMBL.

OctaHoBuMcs 6os1ee TOAPOOHO HA aHAJIM3€E MIPOIECCOB, MPOTEKAOIINX B OTOY-
HOU TepMOIU(PY3NOHHOH KaMepe ¢ «CeTKoi». OTpaHHIUMCST pacCMOTPEHHEM OfI-
HOMEPHOM 33/1a4H TI0 CIICTYIOLTHM IPUIHHAM:

— creHku TJIKC TepMocTaTHpOBaHBI, IOATOMY paclpeelieHue TeMIepaTyphl U
KOHIIEHTPAIlMU HACBIIIEHHOTO Tapa He 3aBUCAT HU OT BPEMEHH, HU OT IPOJOJIBHOM
KOOPIMHATHI y, HA OT TIONIEPEYHON KOOPAWHATHI Z;

— mpuHa TJIKC (B10Ih KOOPAWHATHI z) 3HAYUTEIHLHO OOJIBIIE PACCTOSHUS Me-
Ky CTeHKaMH d (110 KOOpJIUHATE X), M BIMSHUEM KpaeBbIX 3QdekToB BOMM3H OOKO-
BBIX IIOBEPXHOCTEH KaMephl MOYKHO TIpeHeOpeyb;

— HCKa)XKeHHe ToJIs KoHIeHTpanuu mapa C(¢) 3a cueT KOHASHCAIMOHHOTO pocTa
a3po30IbHBIX yacTull Ha Bxone B T/IKC HezHaunTenpHO.

IIpenmnooxkum, 4To pa3Mep SUYEEK «CETKW» CPAaBHUM C €€ TOJLIUHOMI, KOTOpasi, B
CBOIO OUYepelb, Majia 10 CPaBHEHUIO C BBICOTOH KaHana (h/d<<l). «CeTka» He OKa3bl-
BaeT CONPOTUBIICHUS MOTOKY Mapa, a TEIJIOMPOBOAHOCTh «CETKID 3HAUUTENIHHO Hpe-
BBIIIIAET TEIJIONPOBOAHOCTh Ta3a. YKa3aHHBIE MPEANOIOKEHUS MMO3BOJSIOT CUUTATh
TEMIIEPaTypy «CETKW» MOCTOSHHOH 10 e€ TONIINHE U PaBHOI 7.

Hwmxe ommcan m3roroBiieHHBIH MakeTHbBIH oOpasenr TJIKC ¢ BeicoTo# kaHama
paBHoit d = 15-10° M (1500 Mxm). Hukeneas «cetka» umeer Tomumny 4 = 50-10° m
(50 MxM<<1500 MKM) 1 sueiiku pasmepoM — 25 MM * 25 mxm. [IpruBeneHHbIe Xapak-
TEPUCTHKH CETKU TTOJTHOCTHIO YKIIQJBIBAIOTCS B PAMKH CIIEIIAHHBIX IPEITOI0KECHHH.

Ecinu He y4uTBIBaTH €CTECTBEHHYIO KOHBEKLHIO, SIBJICHUS TepMOAU(QdY3HH U
1 (y3MOHHOM TEIIONPOBOAHOCTH, TO YpPaBHEHHUs NEpeHOca TeIla U Macchl JUis
nBYX obiacreli kaHana kamepsl (30Ha 1-3 1 30Ha 3—2, CM. pHC.2) C COOTBETCTBYIO-
IIIAMU TPaHIYHBIMH YCIOBUAMH MOYKHO TIPEACTaBUTh B BHJIEC

AT=0  &<[0,al 3)
AT=0  &eclol], 4)
£=0 0) =T ®)
E=a I(de) = To; (©6)
£=1 Nd) =Ty ™)
AC=0  &<[0,al, (®)
AC=0  &clal], )
£€=0 C(0) = C(T>); (10)
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I I
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0,02 ‘ Cy(T)  -20 ‘
|
|| : ‘
> 1 > -30 1 >
0 02040608 1,0 & 0 02040608 10 & 0 02040608 1.0 &
nonoscenue T «cemxiuy a=03 a=05
Puc. 3a. Ilpodpwm tem-  Puc. 36. Pacipenenenne Puc. 3B. Kpussie
nepatypsl B TAKC, KOHIIeHTpauuu mapa B  nepecbimenus B TAKC
a=0.5 TAKC

Puc.3. IIpocTpaHCTBEHHBIE PACIIPENENICHHUS TEMIIEPATYPhl, KOHLIEHTPALUK Mapa U Mepechlle-
Hus B TJAKC mns cMecu «Bo31yX — BOJSHOU Iap» MPH PacHOIOKEHUH «CETKU» B CEpPEeIrHEe Ka-
mepsl (0=0,5). 3aBrcumMocTH, 0603Ha4YeHHbIe Hupoii 1, COOTBETCTBYIOT Ciiy4ar paboThl 00bIY-
Hoit TJIK 6e3 «cerku». I'paduxu 2 — HarpeB «CeTKu» 10 KPUTHUECKOW Temmepartypbl T, =
32,3°C. 3aBHCHMOCTH 3 — HArpPEB «CETKM» JI0 TEMIEPATYPHI HAHOOJIEE HATPETOM CTEHKH KaMePhI
T.=T,=40°C.

Eec[0,1] J=-D-n-S-AC, (11
¢=1 C(d) = C(Ty. (12)
2 2
3neck AT = %, AC= 6%@(5)’ rae &= g, o= i, d.— KOOp/AMHATa CEeTKH,

C = n/ng.— OTHOCUTENbHAs] KOHLEHTpALWs (71 ¥ Mg — YUCICHHBIE KOHIIEHTPAI[MH MO-
JIeKyN apa 1 OMHapHOW ra3oBoii cmecH), J — nudhy3MOHHBIH MOTOK MOJIEKYJ Mapo-
BOHM KOMIIOHEHTHI cMecH B kaxaon u3 30H TJIKC; D — xoadpdunment nuddysnn ma-
pa B raze; S — miomianp nonepeynoro ceuenus: THK.

Pemast cucremy ypaBHenuit (3)—(4) u (8)—(9) ¢ rpaHHYHBIMH YCIIOBHAMU
(5)—(7) u (10)—~(12), moxxHO HalTH pacnpeneneHre Temneparyps! 7(&) U KOHIEHTpa-
iy apa C(&), a 3ateM paccunrtaTh npodumu mepecbimenus 6(E). CiieayeTr 3aMeTHTb,
YTO B paMKax CJIeJIaHHbIX MPEII0JIOKEHUH, YpaBHEHHS TIEpEHOCa TeIlla U Macchl sB-
JSIFOTCSI HE3aBUCHMBIMH. 1103TOMY M3MEHEHHE TeMIlepaTyphbl «CeTKu» 1, He BIUSET
Ha TIPOIIeCC MaccolepeHoca, a pacupeieeHine KoHIeHTpaun mapa B kanaine TJIKC
JUTS JTI000H 30HBI OITUCHIBAETCS BEIpA)KEHUEM BHIA:

C(&)=C(T.)-[C(T)-C(TII-& (13)

Ha puc.2 u puc.36 nokazan npodpwis C(&), paccuutannsiid o Gopmyne (13),
IJIe B KauecTBe NpuMepa BbIOpaHbl rpanuynble yenosust 7,=313 K u 7, =293 K.

Penrenne ypaBHenuii mo HaxoxnaeHuto npodwieit T(E) u 0(E) mis pa3nudHbIX
30H TJIKC OymyT uMeTh CIIeIyIOMIHIA BU/:
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ms somst 1 — 3, tie € [0, o] — T(g)zTr—M-g (14)
o

3(&) = C@ -1 (15)

C, [T E_,j
s 3086 3 — 2, rae & e[a, 1] — T(@)—T” T —7;“_ L. E (16)

- -
0(5)= T—T-COEEJ)T—T -t 1n

Cv[ c X _c Véj
lI-a I-a

Boipakenust (15) u (17) cipaBeauBBl B TOM clTydae, eClM TEMIIEpaTypa «cert-
Kkm» T, He HIDKE HEKOTOPOH KPUTHIECKON TEMIIEPaTyphI 7.", npu KOTOpOiT Ha Hell Ha-
YHMHAeTCs KOHACHCAIWs napa. Bemmuuna 7. MoxeT ObITh Hal{IeHA U3 yCIOBHS OTCYT-
CTBUS KOHJICHCAIINH TTapa Ha TOBEPXHOCTH «ceTKm» (yciopue (¢ = a) < 0):

-1

T.=T, 1—£ln{l+a[—c‘(T?)—IH , (18)
B C.(T)

rae B — ko3 dummeHT B BhIpakeHUH (2) 3aBUCHMOCTH KOHIIEHTPAIIWK HACHIIIEHHBIX
MapoB OT TEMIIEPaTypHhIL.

Hetpyano mokazate, uto ypaBHenus (13)—(17) mepexomsT B M3BECTHBIE pac-
TIpeAeTICHNsT TeMIIepaTyphl, KOHIICHTPALNH Tapa M TIePECHIIIeHUs B pabodeil 30He
TJIK 6e3 ceryaToro HarpeBaTeIbHOTO HJIEMEHTA.

[Ipounmoctpupyem rpapudeckoil HHTepIpeTanreil pacd4€Tbl HEKOTOPBIX Xapak-
tepHbIX pexumoB T/IKC. Ha puc.3 nokazansl npodumm T(E), C(E) u 6(E) nnsa cmecn
«BO3JYX-BOJISTHOM Map» B CiIydae, KoTJa «ceTkay pacrnonoxena B cepenune TIKC (a
= 0,5 u xoopnunara ¢ = 0,5;). nst ynoOGcrBa BocnpusiTus rpaduky, pabounii 00bEM
TJAKC noka3aH npu BepTHKalIbHOM IOJIOKEHHUU. TeMmepaTypHble PeKUMBI CTEHOK
KaMepsl B pacué€rax 3amaBanuch ciemyrtomumu: 7,=313 K (Ha puc.3 jmeBas creHKa,
6onee Harpetast) u 7,=293 K (npaBas crenka TIKC).

[Ipounmoctpupyem rpapudeckoil HHTepIpeTanreil pacyéTbl HEKOTOPBIX Xapak-
tepubIX pexxumoB TIKC. Ha puc.3 nokazansl npodwm 7(E), C(§) u 8(E) ansa cmecn
«BO3JIyX-BOJISTHOM IMapy» B CiIydae, KoTja «ceTkay pacrnonoxena B cepenune TIKC (a
= 0.5 n xoopuunata & = 0.5;). [lna ynodcrBa Boctpustus rpaduky, padounii 00bEM
TAKC nokazaH npu BEpPTHKAIHHOM MOJIOXKEHUH. TemmneparypHble peKUMbl CTEHOK
KaMephbl B pacuéTax 3agaBanuch caenyomumu: 1,=40°C (na puc.3 geas crenka, 6o-
nee narperas) u T,=20°C (upasas crenka TJIKC).

U3 rpadukoB BumHO, uto Bo Bcex 30Hax T/JIKC yBenuueHne TeMmmeparypel
«CeTKW» TMPUBOJHUT K YMEHBIICHHUIO BEIMYMHBI IEPECHIICHAS U TIOSBIICHUIO OTPHIA-
TeabHBIX BenmuuH O(E). Takum oOpa3zom, MyTEM HM3MEHEHHWS TEMIIepaTypbl CETKH
MOJKHO TMPAKTUYECKU OC3MHEPLIMOHHO YIPABIIATH TCIUIOBBIM PEIKUMOM KaMepbl U
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noroxcenue | «cemuur notoxcenue | «cemmuy notoxcenue | «cemmusy
=05 a=03 =07
Kpusas 1 — T/IK 6e3 «ceTkm»; Kpusas 5 —7,.= T,'=35,8°C; KpuBas 8 — 7. = T,'=28,4°C;
2-T,=T,=323°C; 3-T.= 6-7.=37C; 9-T,.=29C;
33°C; kpusas 7 — T, = T,=40°C. kpusas 10 — 7, = T, =40°C.

kpuBasi 4 — T, = T,=40°C.

Puc. 4. [Ipodunu nepeceimenust B T/IKC B 3aBHCHMOCTH OT TEMIIEPaTypbl CETYATOrO
HArpeBaTeNIbHOTO IEMEHTA 1, U €10 MECTOIOJIOKEHH S (ITapameTpa o)

CO3/1aBaTh IIEPECHINICHUS] B IIMPOKOM THANla30HE 3HAYCHHH, BKIIOYas 00IacTh
8(£)<0, yero NpUHIMIHAIHLHO HEBO3MOXKHO JTOOUTHCS B 00BIYHBIX TJIK.

AHanu3 pe3yabTaToB pacuéTOB MO3BOJSAET BBIOpATh ONTUMAIBHBIA PEXHUM 3KC-
mnyatamuu TJIKC (cm. pucynku 3 u 4). Tlosbimerne T, OTHOCHTENbHO I, TPHBOIHT
K YMEHBIIEHHIO Tepechlmenns (puc.3B U 4) BIUIOTh O OTPHIATEIEHBIX BEITHIHH.
CwMmenieHne «ceTku» Ommke k «xonoanoi crenke» TJIKC (a = 0,7) yBenmuuuBaeT
MaKCHMaJIbHOE 3HaY€HHE MEPECHILEHUS O, B 30He 1-3 (puc. 4B kpusas 8). U3 rpa-
(hKOB BHIHO, YTO M3 HAaMOOJIBIIIEE 3HAYCHHUE O,y JOCTUTACTCS B 30HE 3—2 KoT/a o =
0,3 npu MUHUMAJILHON TEMIIEpaType «CETKW», paBHOU Kputnueckou 7,.= T, a (xpuBast
5 puc.46). CnenoBarenbHO, Al HanOOJBIIETO PACHIMPEHMS JMana3oHa IOJIOKHU-
TENBHBIX TMepechieHuii, co3naBaembix B TJIKC, HEoOXoauMoO ceTyaThiii Harpesa-
TENBHBIN 3JIEMEHT ITOMeIIaTh OJrKe K Hanboliee HarpeToi MOBEPXHOCTH KaMephl U B
KauecTBe paboyeil 30HbI BEIOMPATh MPOCTPAHCTBO MEXK/y MEHEE HarpeTol CTeHKOW U
«CETKOM».

OmnbiThl ¢ TAKC. Ha maketaom obpasie T/IKC, cCKOHCTpYHpOBaHHOM aBTOpa-
MU [4], ObIH TIpOBEIEHB KOMIUIEKCHBIE HCCIICTOBAHUS IBI)KEHHUS BBICOKOIUCIICPC-
HOTO a’po30ji B MOJ€ TpajJUeHTa KOHIEHTPAIMM BOISHOTO MHapa (CM. puc.5a u
puc.56). DTH IKCTIICPUMEHTBI [S] UMEITH B CBOCH OCHOBE KOHIICIIIUIO UCTIOJIL30BAHUS
THKC kak «aOCOTIOTHBIINY QHIBTP, TIIE IO H3MEPAEMOMY KKPUTHIECKOMY» PacXoay
Q" BO3/IyXa, HECYIIEr0 BBICOKOIMCIICPCHBIC YACTUIIBI 3aaHHBIX PAa3MEpPOB Yepes 30-
Hy (1 —3) TIKC (cm. puc.2), MOXKHO OBUIO PACCUUTHIBATH UCKOMBIE BETHYUHBI (Ha-
npumep, ckopocts auddysnodopesa). Ilog O moHUMAancs Takoil pacxo, KOraa as-
PO30JIEHBIC YAaCTHIBI, IBUTASACH B KamMepe MoJ NeHcTBHeM cmil anddy3nodopesa K
MEHee HarpeToy CTeHKe, I7ie MPOUCXOIUT KOHAEHCALUs Iapa, MOJHOCTBIO OCAaXJa-
I0TCSI HA Hel (YCJIOBHS T.H. «HYJIEBOIO MPOCKOKa» MM «IOJHOTO 3axBaTay» a’po30-
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Puc. Sa. Maketnsrit oopazery TAKC Puc. 56. JlabopaTopHsIit CTEH ISl HCTIBITA-
HUSI «a0COJIIOTHOT0» a3p030JIbHOTO (hribTpa

ns1). 3Havenus O ONPENENUIMCh M3MEPUTENEM PACcX0/ia BO3IYXa IO KaueCTBEHHOI
METOJIMKE C Ucrojib3oBanueM cranaaptHoit T/IK, npencrasisiBiueii coboii (B JaHHBIX
OTBITaX) KaMepy-HHIUKATOP AJSI MPOSIBICHUS BBICOKOJUCIIEPCHOIO a3pO30s, MPO-
ckoumBiiero TJKC.

HaGmonennst «TeMHOTIONBHBIMY) METOAOM 32 a3p030JIeM Ha BBIXOJC U3 «HHIHU-
karopHoit» TJK (nmocnenoBarensHo coeaunénnoit ¢ TJKC) nmpoBoaunuce mpu pas-
nnuHBIX TemnepaTypHbix pexumax THAKC (c ycaoBuem 7, = T.). B «uHAMKAaTOpHOI
TJK ycraHaBIMBaINCh IOCTATOYHO BBICOKHE HEPECHILEHUS IS MPOsSBIeHHA (00-
BOJHEHHUs) siiep KOHIEHCAIUH, T.€. TOTO BBICOKOAHCIIEPCHOTO a3po30Jisi, KOTOPBIi
npockounn gepe3 TAKC.

BapbHpOBaHHEM MOTOKA BO3/IyXa Yepe3 KaMephl ONpeIessuics Takoit pacxon O,
KOT/la KOHIIEHTpanusl nposiBuBLIerocs B cranaaptHoil TJIK oO0BogHEHHOTO a3p03071s
ObuTa OIM3KOH K HyJeBOH (He HAOMIOANNCh YaCTHIBl IPU TEMHOIOIBHOM OCBeIlle-
HHH), T.€. IPOUCXOAWII TTOJHBIH 3aXBaT YaCTHI KaMEpOH-(QUIBTPOM.

BoiBonbl. Tepmomuddy3noHHas kamepa ¢ CeTYaThIM HarpeBaTENbHBIM die-
MEHTOM 00J1a/laeT ONpeAeNEéHHBIMYE TPEUMYIIECTBAMU 110 CPAaBHEHUIO C OOBIYHOI
TIK, xoTOpbIe 3aKIIOYAIOTCS B CIEAYIOIIEM:

- IIMPOKHUI AMana3oH CO3/1aBaeMbIX IEPECHILIEHUH, BIUIOTh JO OTPHULATENIBHBIX Be-

JIUYYH;
- OBICTpast TepecTpoiika PSKUMOB pabOTHI KaMephl MyTEM U3MEHEHHS TeMITepaTyphl
«CeTKN»;

- co3JlaHKe TPAJMEHTOB KOHIEHTPAIMU Nlapa B YCIOBUAX MOCTOSTHHON TEMIIEpaTyphI.

B pesynbraTe NpoBEeACHHBIX UCCIIEA0BAaHUIM:

- TIpemIoKeH MaJIOMHEPIIMOHHBIA CIIOCO0 YTpaBlieHHs NEepechIIeHHeM, KOTOPBIHA
peari30BaH B TepMOIUGPY3NOHHON KaMepe ¢ CeTIaThIM HarpeBaTeIbHBIM dJIe-
MeHTOM. Takasi Kamepa MOXKET MCIIOJIb30BaThCs HE TOJBKO KaK YCTPOHCTBO ISt
CO3aHUs IPAJUEHTOB KOHLIEHTPALMH [Iapa U NEPECHIECHUN B IIUPOKOM Jxana-
30HE 3HAYCHUH, HO U KaK «a0COJIOTHBIN ad3p030JIbHBINA (QHIIBTD;

- TOKAa3aHO, 4TO CKOPOCTb OYMUCTKH BO3AyXa OT adpO30JbHBIX YaCTHI B TaKOM
(GuIbTpe HE 3aBHCUT HH OT KOHICHTPAIMK YACTHUIL], HU OT MX Pa3MEpOB, MPSIMO
[IPONIOPLMOHANIbHA T'PAJIMEHTyY KOHLEHTpauuu napa. OnHako, NpOU3BOJUTENb-
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HOCTh OYMCTKH OOpaTHO MpONOpIHOHaNbHA mapocoaepxkanuto < C > = [Cy(T,)
— Cy(T,))/2, xoTOpOE TEM MEHBIIIe, UeM HIDKE CPEeIHS TeMIIepaTypa B KaMepe <
T>=(T,- T)/2;

- YCTaHOBJICHO, YTO «abCOMIOTHBIN» QuIbTp Ha ocHOBe T/IKC oTnmuaercs BHICOKUM
SHEProNOTPEOICHHEM 1 €r0 ONTUMAIBLHO HCIIOJIB30BaTh B TAKUX YCIOBMSX, I7IE
€CcTh M30BITOYHOE TEIUIO, HAIIPHMED, ISl OUYUCTKH TONOYHBIX Ta30B, HMEIOIINX
MOBBINICHHYIO TEMIIEPATypPy, MM JOOUYHUCTKH UX IOCIE NMPOMBIIUIEHHBIX MJIEK-

TpopHUIBTPOB.
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Shynharov G.L., Kontush S.M., Skaptsov A.S.

A low inertia way of controlling the temperature and supersaturations
fields in the thermodiffusion chambers. Experiments for research of the diffusi-
ophoresis.

SUMMARY

As a result of detailed consideration of the processes taking place in the flow thermodiffu-
sion chambers (TDC), a new method for controlling the temperature fields in the TDC, which
was approved with the help of a model chamber sample, was proposed. Based on the signifi-
cant experimental material, it is shown that this method is effectively realized in the model
version of the TDC. Such a device can be used not only as a system for creating gradients of
vapor concentration and supersaturation in a wide range of values (up to negative values,
which is fundamentally impossible for standard TDCs), but also as an "absolute" aerosol fil-
ter with 100% efficiency of the filtration process.
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Hlunzapwvoe I'.J1., Konmyw C.M., Cxanyoe A.C.

MaJioiHepuiliHuii criocidé ynpasJiHHs NOJISIMM TeMIIepaTyp i nepecu4yeHb B

Tepmopaidysiiinux kamepax. ExcniepumenTn 3 nocaizkenns iudysiodopesa

148

AHOTAIIA

B pesynomami  demanvnozo posensdy npoyecis, w0 Npomikaromv 8 HOMOYHUX
mepmoOighpysiuinux xamepax (TAK), 3anpononosano nosuii cnocié ynpaeuinHa noiamu mem-
nepamyp ¢ T/K, anpobosanuii 3a 0onomozow makemnoz2o 3paszka kamepu. Ha niocmasi
3HAYHO20  eKCNEePUMEHMANbHO20 Mamepiany NoKa3amo, wo yeil chocio egpexmusHo
peanizyemuvcsi 6 mooenvHomy eapianmi T/IK. Taxuil npucmpiil Modice 6UKOPUCMOBY8AMUCS He
MInbKY AK cucmema 015 CIEOPeHHs epadicHmie KoHyeHmpayii napa i nepecudenHs 6 wupo-
KOMY OIanaszoHi 3HaueHb (adc 00 He2amuGHUX 6eIUYUH, WO NPUHYUNOBO HEMOICIUBO OJlA
cmanoapmuux  TJK), ane i sax «abcomomuuity aeposonvuuu ¢ginemp 3i 100% -oto
egpexmusHicmio npoyecy ghinompayii.
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BausiHue mapaMeTpoB pe:kUMa 3J1eKTPOAYroBoii CBAPKH B 3allIUTHOM ra3e Ha
JUCTIEPCHBIH M XUMHYECKHIl COCTAB YACTHI CBAPOYHOI0 A3P030JIsl.

Paccmompeno enusnue napamempos pejcuma c6apku Ha OUCHEPCHBIN COCMAS UHSANAYUOH-
HbIX Yacmuy, 00pazyiowuxcs npu 31ekmpody2osoll ceapke 6 3awumuom 2aze (CO-). Ilokaza-
Hbl 3a6UCUMOCTIU OUMOOANLHO20 PACNPeOeNeHUs. Yacmuy no pasmepy om OmMHOULeHUs SHep-
2uL c8apoyHoll dyeu K 06bemy pacxo0yemoll 1eKmpooHOt NPo8oIoKU 8 duanazoxe om 40 0o
70 kIoic/en’. TIpedcmaenensi pesynbmamul UsMEPeHUil S1EMEHMHO20 COCMABA U YOeTbHOIL
NOBEPXHOCTNU MOO UHLANAYUOHHBIX YACTNUY CBAPOUHOLO AIPO30JIL.

Beenenue. [1pu a51eKTpogyroBoii cBapke METaUIOB 00Pa3yIOTCsl TOKCHYHBIE a3-
poIUCIiepCHBIE YacTULIBI — TBepAasl cocTaBsitomas ceapouHoro asposons (TCCA),
MIPOHUKAIOIIYIO CIIOCOOHOCTh KOTOPOW B OpPTaHBI JBIXaHWS CBSI3BIBAIOT C IUCIIEpC-
HBIM COCTaBOM, a OMOJIOTHYECKYIO aKTUBHOCTh — C XUMHYECKHM COCTaBOM M Y/EIb-
HOW MOBEPXHOCTHIO HHTASIIUOHHBIX YacTull [1]. JlelicTByro1mas MeTo10JI0TUs OIIeH-
ku BpeaHoro BoznaeiictBust TCCA Ha 310pOBbE CBAPIIMKOB U COCTOSIHUE OKPYXKaro-
el cpepl, OCHOBaHA TOJIFKO Ha CPAaBHEHHH COJEPKAHUS TOKCHYHBIX KOMIIOHCHTOB
TCCA B Bo3nyxe paboueil 30HBI (TI0 BaJOBBIM MOKA3aTeNsIM) C COOTBETCTBYIOIIUMH
IIAK [2]. Pa3HooOpasue pazmepoB, GOpM M XUMHUYECKHX COCTABOB MHTAJISILIMOHHBIX
gacTull [3-5] mpu 3TOM HE yUUTHIBAeTCA, XOTS B JIETKUX YEIOBEKAa YACTHIBI PAa3HBIX
pa3MepoB ¥ (HOPMBI OCAXKIAIOTCS ¢ pa3iuyHOi 3¢ dexTuBHOCTBIO [6]. [ToaToMy, Hc-
CIIeZIOBaHMS, MO3BOJIIIONINE MPOCIEIUTh B3aUMOCBSI3b JUCIEPCHOTO COCTaBa WHTa-
JSIIIMOHHBIX YaCTHIl M TEXHOJIOTHUECKHUX MTApaMEeTPOB PEKMUMA CBAPKH, MMEIOT 0OJIb-
roe IpuKiIagHoe 3HaueHue. OqHaKo, Takue JaHHBIC B HAYYHOU JUTEpaType MpaKTH-
YeCKH He MPEeACTaBIIeHb! WM BOOOIE OTCYTCTBYIOT, €CIIH pedb HJIET O B3aUMOCBSI3U
XUMHUYECKOTO M JAUCIIEPCHOTO cOocTaBa, yaenbHoi nmoBepxHocTu yactui TCCA. Ilpe-
IeITymue uccieaoBanus oopaszoBanuss TCCA mpu 3JIEKTPOIYyroBON CBapKe MeETall-
JIOB B 3aIIUTHOM Ta3e IMOKa3ajd, YTO JUCIEPCHBIN COCTaB 3aBHUCUT OT CBOICTB 3a-
LIMTHOTO Ta3a, B YaCTHOCTH, YCTAHOBJICHO, YTO PAacXoJ 3allIMTHOTO T'a3a He BIMSET Ha
nmucnepcHbiil coctaB TCCA, a yBeTMUeHHE TEMIIEpaTyphl 3alllUTHOTO Ta3a (B quarma-
3oHe 0T 300 10 600K) MpUBOIUT K YKPYITHEHUIO U YMEHBIIICHUIO CYCTHOW KOHIICH-
Tpaluy UHTaISIMOHHBIX YacTHUI] B 30HE JAbIXaHUs cBapIiuka [7, 8].

Hacrosimast paboTta 1mocBsIIeHa HCCIIETOBAHNIO BIMSHAS TEXHOJOTHUECKUX T1a-
paMeTpoB peXMMa CBapKH Ha JAWCIEPCHBIM COCTaB MHTAJSIHMOHHBIX YaCTHI, o0pa-
3YIOIIUXCS TIPH 3JIEKTPOIYTOBOH CBApKe YINIEPOAUCTHIX M HU3KOJIETHPOBAHHBIX CTa-
ne B 3amutHOM raze (CO,), a Takxke NpeACTaBICHbl pe3yabTaThl U3MEPEeHUN XUMHU-
YECKOro COCTaBa U yaelbHoU nmoBepxHocTH ¢pakiuiit TCCA.
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1,7 M*/MuH

1n/muH

TBosp.yx
Puc. 1. Cxema SKCIIepHMEHTAIFHON YCTAaHOBKHU: | — cBapodHas kKamepa; 2 — cBapod-
Hasl TOpeJiKa; 3 — BpaIlaroIIuiics TUCK Ul HAIUIaBKH MeTaina; 4 — IIeNeBOH BO3MY-
X03a00pHHK; 5 — BEPTHUKAIBHO PACIIONIOKEHHAs TpyOa; 6 - HAKOHEYHHUK PoO00TOOp-
HOH TpYOKH ISl U30KHHETHYECKOro 0T6opa 1po0; 7 — a3po30JbHbIi pa3oaBuTelsb; § -
JIa3€pHBIA a3PO30JIbHBIN CIIEKTPOMETP

JKcnepuMeHTaNbHAsI ycTaHOBKA. Ha puc.] mokazana npuHIMNUANbHAS CXeMa
SKCIIEPUMEHTAIIFHON YCTaHOBKH, KOTOpas HCIOIB30BANACh IPH W3MEPEHHH IHC-
MIEPCHOTO COCTAaBa WHTAJSIIIMOHHBIX YACTHII.

TCCA mnomyyanu B CBapOYHOH KaMepe B Ipoliecce HAIUIaBKU MeTallla Ha Bpa-
marommutics (106/mMuH) muck (auamerp 180MM, Tonmuaa 12MM) u3 ctamm CT3 moy-
aBTomatoM uHBepTOopHOTO THTA «[laToH [ICU-250P DC MMA/MIG/MAG»Y. lnana-
30H TEXHOJIOTHYECKHX MapaMeTpoOB peXrMa HAIUIaBKH AJIEKTPOJHOW TPOBOJIOKOH
CB08I'2C mmamerpom 0,8MM pPEeKOMEH/IOBaH €€ MPOU3BOJIUTENIEM: MOCTOSHHBIN TOK
00paTHOH MOJSPHOCTH (RIIEKTPOIHASI TPOBOJIOKA SBISETCS TOJIOKUTEIBHBIM, a Ha-
TUIaBIISIEMBINA AUCK - OTPUIATEIbHBIM MoocaMu) oT 50 1o 125A u HampsbkeHue oT
18 no 22 B. CpenHee 3Ha4eHUS CBAPOYHOTO TOKA B OMBITAX H3MEPSUTUCH C TOMOIIBIO
IIYHTA, MOJKIIOYEHHOTO K BONBTMETPY. CKOPOCTh MOIAYH 3IICKTPOJHOM MPOBOIOKH
B IIPOIIECCE HAIUTABKH OIIPECIIUIach H3MEPEHUEM JUTHHBI IIPOBOJIOKH, BRIXOIAIICH W3
KOHTAaKTHOTO HaKOHEYHHKA 3a 3aJlaHHOE BpeMs M BapbHpoBanack oT 4 cm/c mo 11
cm/c. Bo Bcex ombITax MoAAep KUBAI TOCTOSHHBIMH PAacCTOSHUE MEXIY KOHTaKT-
HbIM HAaKOHEYHWKOM M HaIUIaBsieMbIM IUckoM (9 mm) u yrom (90°), m3mMepeHHBIH
MEXIY JUCKOM M OCBIO IIPOBOJIOKH, a Takxke pacxoj CO, B mporecce HammaBku — 12
JI/MHH.

TCCA ynaBiauBaiy ¢ MOMONIBIO MIEIEBOTO BO3yX03a00pHUKA, YCTAHOBJICHHO-
ro B CBapOYHOM Kamepe Ha pacctostHuH 20 cM Hajx Ayroi, ¢ pacxoJaoM YAaJIsieMOro
BO3ayxa 1,7 M°/MHH M HATIPABISUTH B BEPTHKATBHYIO TPYOY IS H30KHHETHIECKOTO
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Puc. 2. TEM wn3o0paxxeHus: CTPYKTYp HMHTIHOHHBIX dacTull [11]: mepBas moxa -
roMoarperatsl HepBUYHBIX YAaCTHUI] CO CPEIHNUM IuaMeTpoM 3+5 HM (type 2); BTopas Moza
- TeTepoarperarsl, COJeP KAIIHUX IIEPBUIHbBIC YAaCTUIIBI CO CPETHUM TUaMEeTpoM 3+5 HM U
10+15 um (type 1)

otbopa mpob ¢ pacxomom 1 n/muH [9]. JucnepcHsiit coctaB TCCA m3Mepsia ¢ 1o-
MOIIBIO JTa3epHOTO a’dpo3onbHoro crekrpomerpa JIAC-IT ¢ xanamamu (Mxm): 0.15-
0.2; 0.2-0.25; 0.25-0.3; 0.3-0.4; 0.4-0.5; 0.5-0.7; 0.7-1.0; 1.0-1.5; >1.5 [10]. Makcu-
MaJlbHasi OTHOCHUTEJIbHAS TIOTPEIHOCTh TP OIPE/ICIEHUH pa3Mepa M CYETHOW KOH-
LEHTpaluK yacTull He npeBbimana 5% u 10%, cooTBETCTBEHHO, IPH UX KOHLIEHTpa-

IIHH B TIpobe 1o 2 X 10° cM™>. TurnmuHbIe 3HAYEHNS CYETHOH KOHIICHTPAIHS YaCTHII B

npo6ax~2-10°cm™. TTosToMy, HCIIONBb30BaNCS A3PO30NbHBI Pa3baBUTENb C KO-
a¢¢urmentom pasdasienus 150 mis pacxoma motoka mpoOwr 1 n/mun (puc.l). B
pasbaBuTene NPUMEHSJIMCH a’pO30JIbHBIE (DMIIBTPHI, CHApsDKEHHBbIE TKaHblo [leTps-
HoBa (QIIII) ¢ 3 dexTBHOCTRIO yinaBIHBaHUSA HEe MeHee 99,97% s gacTui aua-
metpoM 0,15-0,2MKM.

TCCA, oOpasyromuiicss Ipu JIEKTPOIYTOBOH CBapKe, HMEET TPEX-MOJAIBHOE
pacripenefieHre MHTaSIIAOHHBIX YacTHIl TI0 pa3Mepam [9], Tne mepBbie ABE MOIBI
MIPEACTABIAIOT COOOM arjiomeparsl NEPBUYHBIX YacTHI[ pasMepoM MeHee |MKM
(puc.2), a TpeThst MOJia — YACTHILIBI JE3UHTETPALMHU JIEKTPOJAHON MPOBOJIOKU pazMe-
pom Gonee 1+2mkM. [loaTOMy, HaHHBIE M3MEPEHHUIT CUETHONW KOHLIEHTPAIMU YaCTHIL
TCCA B nepBoix cemu kananax JIAC-IT o6pabaTsiBannch B IByX-MOJAIEHOM TpH-
OIIVKEHUH.

Hawmmyymmm mpuOImkeHreM Ul I3MEPEHUH CYeTHOH KOHIICHTPAIMH YacTHI]
TCCA B amanazone ot 0,15 no 1 MkM sBIsieTCS TMHEWHasT KOMOMHAINS IBYX JIOTa-
pudmMuueckux pactpeaeneHuii (0e3 yuera BKiiaia YacTUI A€3UHTETPALHN ):

fd,xd,.o.d,.c,)=x-f(d.d,.c)+(1-x) f,(d.d,.oc,), 1)
2
fdd..c)= 1 exp (Ind —Ind ) ’
R N M 2In’ o,
rae d, = d exp(~In® 6/ 2) — Meamana pacripeseeHus; d — CpeIHHIA pa3Mep YaCTHIL,
G — CTaHJapTHOE OTKJIIOHEHHE (AUCTICPCHS).
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Jlns xaxaoro J xanama LAS-P 3amuceIBaeTcst ypaBHEHHE:
N,=N,-Ad;-fd,,x,d,,0,d,,,0,), 2)
rne N ; — YMCIIO YaCTHII, U3MEPEHHBIX B j KaHane; Ny — HCU3BECTHOE IOJIHOE 4HUC-

0 dYactul, B o0beMe NpoObl, KOTOpPOE BKJIIOYAET YACTHIBI C JHAMETPOM
d <0.15Mkm ; Ad; — mmpuna kanana; d,; — Cpe/iHee 3HAUYCHME pasMepa KaHaa

j . Pemenne cuctemsl ypaBHeHUH (2) aist nepBbix cemu kaHainoB JIAC-IT mo3Bomser
onpeAenuTs napamerpsl pacnpenenenus yactul TCCA mo pasmepam (1), BBIYUCIUTH
cpenuuii nuametp d =d, exp(In®G/2) U CUETHYH KOHIIEHTPAIMIO YACTHUIl KaXIOH
MOAbl 1y = xny, n, =(1—x)ny, TA€ n, — oOLIas cyeTHas KOHLEHTpALUs yJIOBJICH-
HBIX YaCTHII.

Jucnepcuslii cocraB TCCA. DxcnepuMeHTa bHble pe3yabTaTbl. OCHOBHBI-
MU BHEIIHUMH TEXHOJIOTHYECKUMH MapaMeTpaMH PeKMMa CBApKU B 3alIUTHOM ra3e
NIPY 33/IaHHBIX 3HAUYCHHSX JHaMeTpa 3JIEKTPOJHONW IMPOBOJIOKOH, pacXxoma M cocTaBa
3aIIUTHOTO Ta3a SBIAIOTCSA: CKOPOCTh MOAAYH 3JICKTPOIAHOM MPOBOJIOKH (B YCTAaHO-
BUBIIEMCS pEXKHME CKOPOCTh MOJAud AJIEKTPOJHON MPOBOJIOKH B PaBHOM CKOPOCTH
ee IUIaBIeHus ) -V CM/C , HAlPSDKEHHE UCTOYHMKA [TMTAHUS TyrH (HAPSDKEHUE JIYTH)
- U B u cuna cBapounoro toka - / A . Ha puc.3 npencraBineHsl 3aBUCHMOCTH Cpell-
HUX TUAMETPOB IBYX MOJ HHramsinuoHHBIX dactul TCCA OT CKOpOCTH HOIadH
3JIEKTPOTHON IPOBOJIOKH.

Kak BuanM, 3aBUCUMOCTH CpeJHEr0 pa3Mmepa MnepBbIx AByX Moj dactul] TCCA
OT V MMEIOT HEMOHOTOHHBIH Xapaktep (puc.3). AHaJOTHYIHBIA BHI MMEIOT 3aBHCH-
MOCTH CpPEJHUX Pa3MepoB U CYETHHIX KoHIEeHTparui yactull mog TCCA oT cuibl
CBapOYHOTO TOKA U HAIPSKEHUS TIyTH.

INovck KOMOWHAIMK MapaMETPOB PEKKMMa CBapKH B 3Al[UTHOM Ta3e MOKa3all,
4yTO HaOIoaeMble TEHICHIMH M3MEHEHHsS IHCIEPCHOTO COCTaBa MHTANISIIMOHHBIX
gactui, TCCA, onmUChIBacT OTHOIICHHE YHEPTHHM CBAPOYHOW MYTH K 00BEMY pacxo-
JlyeMOH 3JIEKTPOIHOM MIPOBOJIOKU — E), kJDK/eM’, (nanee yenbHas SHEprHs):

_I-U

v-S
rae, S — IUIONIaah CEUCHUS IIIEKTPOJHON TIPOBOJIOKH (CM2 ). Ha puc.4 u puc.5 npen-
CTaBJICHBI 3aBUCUMOCTH CPEJIHUX TUAMETPOB M CUETHBIX KOHUEHTPAIMI MO HHIaJIsI-
roHHbIX yacTul TCCA ot ynensHol sHeprun E), .

Kak crmemyer m3 IpeAcTaBIIEHHBIX PE3YJIBTATOB 3aBUCHMOCTH CPEIHHX JHa-
METpPOB U CUETHBIX KOHIEHTpaUUK Mo HHTASIIMOHHBIX yacTull TCCA oT ynenpHOn
SHEPTHU JMHEHHbIC. YBenudeHue F), MPUBOJUT K BO3PACTAHHIO JOJH SHEPTHUH CBa-
POYHOI IyTH pacxomayeMoi 3IeKTPOIHON MPOBOJIOKOI0, B PE3YJIbTaTe HHTCHCUHUITH-
pyeTcsl UCapeHue W pa3OphI3TUBAHKE PACIUIABICHHOTO METallia 3JIEKTPOIHOU MPO-
BOJIOKU (B3pBIBHOE HCHAPEHUE) U BO3PACTAET MHTEHCHBHOCTH MOCTYIUICHHUS! MapoB
MaTepuaoB dJEKTPOAHON MPOBOJIOKUA B 30HY KOHACHCAUUHU. YBEIMYCHHE KOHIICH-
Tpaluy MapoB B 30HE KOHACHCALUH IMPH MPOUYMUX PABHBIX YCIOBHUSIX CHOCOOCTBYET

Ey,

>

152



Disuka aepoucrepcHux cucrem. — 2018. — No 55. — C. 149-157

240

230 ?
255 [T} — 230
ok In
= 220 [[|f =
I L6 1 ] 8 220
= 2wmopa 4 =4
G 210 T | 1 =
8 ¥ 2 3 210
3 205 [ 1 L { 3
5 1 =
2 = 200
g '3
g 1% T 1 moga T =
150 H T T { { H :{ o% & 190
1 ) * . I =%
185 % % { 1 H % { | (]
180
180
4 5 6 7 8 9 10 1 40 50 60 70
CKOPOCTL NPOBONOKKM (CM/CEK) YpensHas aHeprus, Ul /vS (kx/cm’)
Puc. 3. 3aBHCHMOCTH CpEeHUX THAMET- Puc. 4. 3aBUCUMOCTH CpeTHUX pa3-
poB Mox nHTAISIIMOHHBIX YacTul] TCCA MEPOB MOJ[ WHTAIAIMOHHBIX YaCTHI]
OT CKOPOCTH IOJIa4H MIPOBOJIOKU V TCCA ot ynensHOM 3HEprun

YBEIMYECHHUIO KOHIICHTPAIMK M pa3Mepa MEPBUYHBIX YaCcTHIl, a TAKKEe KOHIEHTPAIN
¥ pa3MepoB arjioMepaToB, 00Pa30BaHHBIX U3 3THX JaCTHII.
ITpu sTOM, yBenmuuenue £, npumepHo B 1,5 paza ciabo BiauseT (pocT B Ipeje-

nmax 5%) Ha CcpelHHH JUaMeTp YacTHIl MEepBOM MOABI (romMoarperatsl NEpPBHYHBIX
YacTHUIl CO CPpEeIHUM AuaMeTpoM 3+5 HM) uHramssuuonneix yactun TCCA (puc.4), B
TO XK€ BpeMsI UX KOHIIEHTpalus Bo3pacTtaeT B 1,5+2 pasa (puc.5). AHaJIOrHMIHO H3Me-
HSIETCS CPeIHUI pa3Mep yacTUI] BTOPOH MOJBI (FeTepoarperarsl, Coaepxaiie mnep-
BUYHBIE YaCTHIIBI CO CpeTHUM TuaMeTpoM 3+5 HM u 10+15 HM) - B penenax 5+12%,
a WX KOHIIEHTpaIus Bo3pacTaeT B 1,2+2.5 pasza.

Xumnueckuii coctap TCCA. JkcnepumMeHTaIbHbIE pe3yabTaTbl. Moenu-
poBanue mponecca obOpasoBanuss TCCA mpu cBapke 3JIEKTPOJHON HPOBOJOKOH
CB08I'2C B CO, moka3zano 3aBUCUMOCTb XMMUYECKOTO COCTaBa MEPBUUHBIX YACTHI]
0T UX pa3mepa [12] - ¢ yBenmuueHHeM JuaMeTpa YacTUI] BO3PAcTaeT COJepKAHUE JKe-
Je3a, a MapraHiia ¥ KpeMHHsS YMeHbIIaeTcs (cymMMapHoe conepxanue Fe, Mn u Si B
npoBoJioke Oonee 99,5%). YuuTeIBas pasnuune B THIIAX CTPYKTYP MHTAJSIIMOHHBIX
gacTuIl (prc.2) ClieAyeT OKUAaTh, 9TO PA3IHIUSI B XUMHUECKOM COCTAaBE IEPBUIHBIX
YaCTHUI] COXPAHATCS M JUII MOJ HHramanuoHHbIX actul] TCCA, HecMOTps Ha ycpen-
HEHHE 10 MHOXECTBY NEPBUYHBIX YACTHILI, KOTOpbIE 00Pa3yIOT KaXKAbIil arjiomepar.
JIyist IOATBEPKACHHUS ITOTO MPEIIIOJIOKCHUS OBUTH MMPOBEICHBI H3MEPEHUS XHUMUYC-
CKOTO cocTaBa M yaenbHO# nosepxHoctu (pakumit TCCA. Ot6op npobd dpaximit
MIPOBOIVIIM METOJIOM 3JICKTPOCTATHUECKOTO OCAXKICHHS MPEABAPHUTEIFHO 3apsyKeH-
HBIX HHTAIIHOHHEIX yacTul] TCCA Ha npoToyHble NephopHpOBaHHBIC U CETYATHIC
3JEKTPO bl B HaBenEHHOM anekTpudeckoM noJie [13]. TCCA nonyyanu B cBapoYHOU

3
kamepe (puc.l) npu E, =50x/oic/cm” 1 ynaBIuBaiu ¢ HOMOIIBIO LIEJIEBOIO BO3-
Iyx03a00pHHKa, YCTAHOBJICHHOTO B CBapOYHOIl Kamepe Ha pacctosHud 20 cM Haj

IYTOif, ¢ PacXoJoM yaamseMoro Bosmyxa 1.7 m’/mum. Cxema deKTpodHIbTpa [ist
(dpaxuonuposanus TCCA mokaszana Ha puc.6.
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Puc. 5. 3aBucMMOCTH CUeTHON KOHLIEHTPALIMK MO/ MHTJISILIMOHHBIX YaCTHIL
TCCA ot ynenbHOI 3HEPrUn

DNeKTPOWIBTP COMEPIKUT: YCTPOMCTBO YHUIIOJIAPHOH 3apsiku [14], roe yac-
triel TCCA 3apspKatoTes B TOJI€ OTPUIATENHFHOTO KOPOHHOTO paspsiaa (TOK KOPOH-
Horo paspszga I, = 600.mKA4, noTeHIMaT MHOTOMTOIBYATOrO KOPOHUPYIOLIETO dIIeK-

tpopa U, =—7kB), 1 3/eKTpOCTaTHUECKHil OCAAUTENb C ABYMs MCTaJUIMYCCKHUMHU

KOAaKCHAJIBbHBIMH (DMIIbTPAMH, YCTAHOBJICHHBIMHU Ha ONOPaxX W3 M30JISLHOHHOTO MaTe-
puana. IlepBeIM IO MOTOKY 3aIBUIEHHOTO BO3AyXa PAacIoOOKeH GHIBTP IpyOoit oun-
CTKH JuaMeTpoM 14 cM, U3rOTOBIEHHBIH U3 IephOopUPOBAaHHON OLIMHKOBAHHOM CTall
C KpYIJIBIMU OTBEPCTHAMHU TUaMeTpoM 1,2 MM U >KHUBBIM ceueHueM 27%. Ilorennuan
¢unsTpa rpyooit ounctku nonoxutensusiit (U, = +5xB). GunbTp TOHKOH 04NCTKH

nuameTpoM 20 CM M3TOTOBJIEH U3 CETKU HEPKaBEIOLIECH CTajlu ¢ KBaJpaTHBIMU S4eii-
kamu 0,063 mm, auamerpom npoBojoku 0,04 MM U kuBbIM cedueHueM 37%. [loteH-

tman GuiabTpa ToHKoH ounctku otpuiarensusiil (U, = —7kB). Tlo naHHbIM H3Mepe-

HUs1 MaccoBod koHneHTpanuu TCCA no u mocie 3eKkTpodmibTpa ero 3¢GheKTruB-
HocTh npeBbimaer 99%. OpaxrmuonupoBanue TCCA B 31€KTPOCTaTUUECKOM OCaaU-
TeJle OCYILECTBISETCS IO DJIEKTPHUUECKON MOABIKHOCTH HHIATSIIMOHHBIX YaCTHIL,
KoTOpas 3aBUCHUT OT ux pasmepa [14]. Ocamok TCCA Ha BHyTpeHHEW (JIMIIEBOW IO
MIOTOKY) TIOBEPXHOCTH (PHUIBTpa TPyOOH OYMCTKH NMPEUMYIIECTBEHHO COAEPKUT Jac-
tutps! Bropoit Mmoasl TCCA (dpaxmus 1). Yactuus! nepsoit moast TCCA ocaxaaror-
Cs Ha BHEIIHIOI0 MOBEPXHOCTH (MIBTpA TpyOOH OYNUCTKH B pe3yibTaTe IEHCTBHA
AIIEKTPOCTATHICCKAX CHJI B HAIIPABICHUN MPOTHUBOIOJIOXHOM MOTOKY 3albUICHHOTO
BO37yXa, U (POPMHUPOBAHMS 3aBUXPEHUI MOTOKA (PEHUPKYIALUOHHBIX 30H) MPU €ro
TEUCHUH Yepe3 OTBEPCTHs (PUIBTPA C MaJIbIM JKUBBIM ceueHHeM ((ppakius 2), a Tak-
K€ BHYTPEHHEIO MTOBEPXHOCTh (PriTbTpa TOHKOM ouurcTkH (dpakmus 3). s o6pas3nos
dpaxmuit TCCA mpoBOIMIIACH M3MEPEHHS YACTHHONW MOBEPXHOCTH MeTojnoM BOT
(Quantachrome Autosorb-6B) u smemeHTHOTO cocTaBa (ATOMHO-a0COPOIIMOHHBIN
criekrpodoromerp Catypu-3111). Pe3ynbraTsl u3MepeHnii mpeacTaBiICHbI B Ta0I. 1.
Kak crmemyer u3 mpencTaBieHHBIX B Tabi.l MaHHBIX, YacTHIIBI MEPBOH MOJBI
TCCA (72% wmacc.) sBISIOTCS HauOoyiee TOKCHMYHOW TPYNION HHIaJSIIMOHHBIX
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Aepiaonb 4
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,J L’ > YucTbiit BO30YX

Puc. 6. Cxema snextpodunbrpa ais ppakuunonuposanuss TCCA: 1 — yer-
POMCTBO YHUTONSIPHOHN 3apsAKH; 2 — 3JIEKTPOCTaTHUECKUN OCaIuTeNb; 3 — ceTya-
TBIH QUIBTP TOHKOI 0YHCTKH; 4 — ephOprUpoBaHHBIN GHUIBTP rpy0oit OUHCTKH

Tabdauua 1. Y nenmpHas MOBEpXHOCTH M AJIeMeHTHBIH cocTaB dpakiuit TCCA

ITapamerp Opakiust | | Ppakiust 2 | Ppaknust 3
Maccoas gomst B TCCA (%) 28 39 33
V [iebHast TOBEPXHOCTH (M°/T) 16,8 30,8 28,5
Conepxanne Fe (%) 60,4 53,1 54,9
Copnepxanne Mn (%) 7,3 8,8 8,7
Conepxanne Si (%) 2,8 6,2 5,1
Conepxanne O u nmpumeceit (%) 29,5 31,9 31,3

YACTHII U3-32 WX OOJIBIION YCIEHOM MOBEPXHOCTH M MOBBIIIICHHOTO COACPKAHUS
Maprania. [loaTomMy, Ui CaHUTAPHO-THTHCHWYECKOTO OICHUBAHUS YCIOBUH
TpyJa CBapUIMKOB BaKHO HM3BJIEYb Ty TPYIIY YACTHIl U aHAIU3HPOBATH €€ OT-
nenbHo. Koppemsiiysa Mexay 37eMEHTHBIM COCTaBOM MOJ| MHTaISALIMOHHBIX Yac-
i TCCA 1 ux yJIenbHOM MOBEPXHOCTHIO OTPAXKAET 3aBUCUMOCTh XUMHUYECKOTO
COCTaBa MEPBUYHBIX YAaCTHUIl OT UX pa3Mepa [12] u pa3nuuust B THIAX CTPYKTYp
arJioMepaToB.

3axuiouenne. VccaenoBaHO BIUSHAE TEXHOJOTHICCKUX MAPaMETPOB PEKUMA
CBapKu Ha JUCIIEPCHBII COCTaB MHTAISIMOHHBIX YACTHILI, OOpa3yIOLIUXCS TPHU dIIEK-
TPOJAYTOBOM CBapKe YIJIEPOAUCTHIX U HU3KOJETUPOBAHHBIX CTAJICH B 3allIUTHOM Trase.
Tlokazano, uto cpenuuit quametp HHraasuoHHbIX Yactull TCCA u ux cueTHast KOH-
LEHTpausl JMHEHHO 3aBUCAT OT OTHOIUCHHSI DHEPTUM CBApOYHON AYyrd K 00BEMy
pacxogyemoil oanekTpoiHoit mpososoku (E, =71-U/v-S). VYsemuuenue £E),
IPUBOJIUT K He3HauuTenbHoMYy (<12%) pocTy pa3MepoB MHTATSLIUOHHBIX YacTUI] U
cymecTBeHHOMY (1.2+2.5 pa3a) yBENMYCHHIO WX KOHIICHTPAIMK B 30HE JBIXaHUS
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CBapIIHMKa. YCTaHOBJICHA KOPPEISAIHS MEXIy 3JIEMEHTHBIM COCTaBOM MOJ MHTalIs-
uuoHHbIX yacTull TCCA n uX yJaenbHON MOBEPXHOCTBIO.
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Kipo C. A., Onpa M. B., Ennan A. A.-A.

Bnuiue napaMerpiB pe:kuMY eJ1eKTPOAYTrOBOro 3BapIOBaHHSI y 3aXHMCHOMY rasi
HA JMCHePCHUH i XiMiYHUI CKJIAl YACTUHOK 3BAPIOBAJIBHOIO A€P030.110

AHOTAIIS
Posensanymo ennue napamempie pesxcumy 36aprosants Ha OUCNEPCHULL CKAAO THeANAYITUHUX
YACMUHOK, WO YMBOPIOIOMbCS NPU 36aPIOSAHKI BY2/leyeBUX | HUZbKONe208AHUX cmaell Y 3a-
xucHomy eazi (CO,). Hokasani 3anescnocmi 6iMo0anIbHO20 PO3NOOLLY YACMUHOK 34 PO3MIpA-
MU IO GIOHOWIEHHsI eHep2ii 36aprO6AIbHOI 0yeU 00 00'eMy GUMPAUeHOl eneKmpooOHOl NPo6o.Io-
Kku y dianasoni 6id 40 do 70 klnc/en’. Tlpedcmasneni pesynomanmu 6uMipiosans eneMeHnmHo-
20 CKAA0y | NUMOMOI NOBEPXHI MOO THEAIAYIUHUX YACMUHOK 386APIBATILHOZ0 AePO30.II0.

Kiro S.A., Oprya M.V., Ennan A. A.-A.

Influence of the gas metal arc welding regime parameters on the disperse and
chemical composition of the welding fume particles

SUMMARY
The influence of the gas (CO>) metal arc welding regime parameters on the disperse com-
position of the welding fume inhalable particles is studied. Dependences of the bimodal par-
ticle size distribution on the ratio of the welding arc energy to the volume of the consumed
electrode wire in the range from 40 to 70 kJ/cm’ are demonstrated. The results of measure-
ments of elemental composition and specific surface of the welding fume modes are presented.
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HOPUJIAAMA I METOIHU BUMIPHOBAHHSA
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Ooecckuil HayuoHanbHwil yHusepcumem umenu M. 1. Meunukosa
E-mail: skontush@odessaglobe.com

IIHeBMaTHYeCKHIA resepaTop Crpyum MOHOAMCIIEPCHBIX Kale/Ib

AHanuzupyemes 63auMHOE CO2NACOBAHUS BPEMEHU POCIA U PA3PYULEHUS NY3bIPbKA 6030)-
Xa u nepuooa Konebanuil Kpy208bixX KANULIAPHLIX 60JH HA NOBEPXHOCMU MOHKO20 CJIOSL HCUO-
xocmu. Haiidenvi 06e onmumanvhvle KOHCMPYKYUU 2EHEPAMOpa Cmpyu MOHOOUCHEPCHBIX Kd-
nenib ¢ paspyuieHuemM Ny3vipbKog 8 MOHKOM CN0e HCUOKOCHU U NOKA3AHbl 6APUAHMbL €20
@DYHKYUOHUPOBAHUSA

[ToyueHne MOHOIWCHEPCHBIX Kallellb Pa3HBIX YKUIKOCTEU SBISETCS BaKHBIM
MIPOLIECCOM JIJISl COBPEMEHHBIX TeXHOJIOTH [ 1-6]. I3BECTHO, YTO NPU UCTIOIb30BaHUU
B TEXHUKE HanOoJjee pacipoCTPaHCHHBIX ITHEBMATHICCKOTO M MEXaHUIECKOTO METO-
JIOB pacIbUICHUS KUIKOCTEH 00pa3yercs, Kak MpaBmIIo, IIOTOK MOTHINCIICPCHBIX Ka-
MeNb, YTO HEXKEJIATENIbHO ISl MHOTHUX HAYYHBIX M TEXHOJIOTUYECKUX MPUIOKEHUH
[1]. JIume B 07HOM U3 U3BECTHBIX MEXaHUYECKUX YCTPONUCTB MOHOAUCIIEPCHBIE Kall-
71 00pa3yroTCs MPH CTEKaHNH TUICHKH JKUAKOCTH C Kpas Bpallaromerocs amucka [2].
VabTpa3ByKOBOW U JIEKTPOCTATHUYECKUI CTIOCOOBI PACIIBUICHHS >KUAKOCTEH Takke
He JIal0T KaIlId CTPOTO OJAMHAKOBOTO pa3mepa [3,4].

B ocnHoBe 00pa3oBaHMs CTpyH MOHOIVCIIEPCHBIX Kallellb JICKUT SBIICHHE Ka-
NWUTIPHOCTH KUAKOCTEH, COINIACOBAHHOE C BIMSHUEM HEKOTOPBIX BHEIIHUX CHIL.
Bo3HuKHOBEHHE KaWUISIPHBIX BOJIH Ha MOBEPXHOCTH KUIKOCTEH XOPOIIO U3BECTHO.
Tak, ux pa3BUTHE Ha TOHKUX CTPYSX >KUIKOCTEH NPUBOAMT K pacnaay CTpyd Ha Karl-
JY U K YIPaBIIEMOMY MPOIIECCY 00pa3oBaHUsI MOHOIUCIIEPCHBIX Kameub [1]. Takoi
[IO/IXO/J, M3BECTEH CO BpEMEHHM uccienoBanuil Jk. Panes, npoBeneHHBIX UM B KOHIIE
19 Bexa.

Bonbmioe pacnpocTpaHeHue MOHOJIUCIIEPCHOE T€HEPUPOBAHUE KaIEJb MOJIyYH-
JIO TIpY MapKUPOBAHUM M3JEIHMNA C MOMOIIBIO KaIIECTPYHHBIX MPUHTEPOB [2], B KO-
TOPBIX TOHKasi CTPys Kamellb Kpacslled KUIKOCTH, YIpaBiisieMas 3JIeKTPUUECKUM
MOJIEM W KOMIIBIOTEPOM, (hOPMHpPYET JIFO0bIe CHMBOJIBI Ha JBIKYIIMXCS MOBEPXHO-
ctax. [Iupoko pacnpocTpaHeHHbIE CTPYHHBIE IPUHTEPHI TAKIKE UCIOIb3YIOT IOTOKU
MOHOJIUCIIEPCHBIX Kallelib, 00pa3yUIMXCsS OJIHOBPEMEHHO W3 HECKOJIBKHUX COIEI
O4YEHb MAJIOTO JAMaMeTpa MoJ AeicTBUeM KoseOaHui B KUAKOCTH. Ha miockux mo-
BEPXHOCTAX >KMJIKOCTHU KalWJUIIPHBIE BOJIHBI OT Pa3HbIX HCTOYHHMKOB B3aUMOJEHCT-
BYIOT JIpYT C APYroM ¢ 00pa3oBaHHWEM MHTEP()EPEHIIMOHHBIX KapTHH, ITOJO00HBIX OII-
trdeckuM. [1og06HO 3TOMY, B3aUMOIEHCTBYIOT APYT C APYTrOM KalUJUIIPHBIE BOJIHBI,
OTpPaXEHHBIE OT IPENATCTBUH U NPU NPAaBUIBHON OPraHU3alMU B3aUMOAEUCTBUS 110-
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Puc. 1. Cxema paboThI reHepaTopa CTPYH MOHOAMCIIEPCHBIX Kalelb
1 — mIockas IIacTuHa, 2 — COIIo, 3 — IJICHKA KUIKOCTH,
4 — my3BIpeK BO3/IyXa, 5 — KOIBIIO0

TOKa ra3a (Bo3ayxa) ¢ pacIbUIIeMON KHUIKOCTHIO CTAHOBUTCS BO3MOYKHBIM MOHOJIHIC-
MIepCHOE MMHEBMATHIECKOE PaCTIbUICHHE.

PaccmotpuM cityuait o6pazoBaHus Kaneib MIPU NPOITyCKaHUU T'a3a yepe3 TOHKU
CJIOM >KMIKOCTH, OKPY>KEHHOW KOJbIIEBON cTeHKOW miu koubioM (puc. 1). Cnoit
JKUIKOCTH HAaXOAWTCA Ha XOPOIIO CMAayMBAaeMOH IOMJIOKKE, a Ta3 MOoJaeTcs depes
Majoe COIUIO B IIEHTPE CUCTEMBI C TAKUM PAacXO0J0M, UTOOBI B KUIKOCTH BO3HHUKAIU
My3BIPBKU Ta3a, CIEAYIOIIUE OKH 3a APYTUM TOCIIE pa3pyLICHUs IPeabIIyIIEero.

Ha puc. 1 mokaszaHo, 94To TIpH pa3pyIIeHUH ITy3bIphKa BO3HUKAIOT JBA SBICHUS —
KYMYJISITUBHBIN BCIUIECK OT Pa3pyIIaloNIerocs My3bIpbka (€ro “cXJomnbBaHue”) U pa-
JIMaNbHbIE TTOBEPXHOCTHBIE (KAMWUISIPHBIE) BOJHBI, WAYIIHE OT IIEHTpa CHUCTEMBI K
OKPYKAOLLEH CIIOH XKUJKOCTH KPYTOBOM CTEHKE.

B pabote [3] mokaszaHo, 4TO B cilemyromei ¢ase mporecca OT MAKa BCIUIeCKa
OTIeNSIeTCS KarJisl, a BO3HUKAIOIIAsl Ha MIOBEPXHOCTH JKUIKOCTH KPYroBasi KalHLIsp-
Hasl BOJIHA OTPa)KaeTcs OT CTEHKU M BO3BPAIIAETCS LIEHTPY CHUCTEMBI, K OTBEPCTHIO,
yepe3 KOTOpOoe MOJAeTCsl B )KUAKOCTh BO3AYX. K 3TOMy MOMEHTY HaJ| OTBEPCTHEM
JIOJDKEH “BBIpPAcTH’ HOBBIM ITy3bIpeK Bo3ayxa. [log Bo3meHCTBHEM CXOZSIIECHCS K
LIEHTPY BOJIHBI €ro BepXHss 4acTh (“Kymon”) paspyliaercsi, 1 BBIOpPOC HOBOTO
BCIUIECKAa W BOSHUKHOBEHHE KPYTOBOH BOJIHBI TIOBTOPSIFOTCSI.

OCHOBHBIM YCIIOBHEM MHOTOKPATHOTO ITOBTOPEHHS OMHCAHHOTO MpoIlecca SB-
JsieTcsl TOUHOE COBMaJIeHue (a3 pocTa Iy3bIpbKa 10 KPUTUIECKOTO pa3Mepa, paBHOTO
TOJILIMHE CJIOSI KHUJIKOCTH, ¥ BO3BPALIEHHUS K LIEHTPY KPYroBoil BOJHBI. OCHOBHYIO
POJb B OTIMCAHHOM SBJICHUHM 00pa30BaHUS OTICIBHHBIX KaIlellb UTPAI0T KalMULIPHBIE
3 PEKTHI, TOATOMY BCE 3JIEMEHTHI CHCTEMBI JIOJDKHBI OBITH JOCTaTOYHO MAIbIX pas-
MEepOB, YTOOBI 'PAaBUTALIMOHHBIE U a3poIMHaMHYecKue 3P QeKThl He BIUSIIM Ha 00pa-
30BaHME Kameb.

[NoBTOpsromuecs akThl BOSHUKHOBEHUS W Pa3pyIICHHUS ITy3BIPHKOB IIPEICTAB-
JISIFOT CO0OI0 MEPHUOJUYECKOE BO3ACUCTBHE, KOTOPOE BO30YXkKIaeT KojeOaHUs pe3o-
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Puc. 2. 3aBHCHMOCTh COOCTBEHHBIX Puc. 3. ®ororpadus cTOSINX BOJIH Ha
9acTOT OT TOJIIHMHBI IUICHKH; IUQPPHI [IOBEPXHOCTH BOSHOM IUIEHKU BHYTPHU
BO3JIE KPUBBIX 03HAYAIOT HOMEPA MOJI, OTPaHUYUBAIONIETO KOJIbIIA

K KOTOPBIM OHHU OTHOCATCSA

HaTOpa, COCTOAIIETO M3 IUICHKU )XKUAKOCTH, OKPYKEHHOH KOJBbIIOM. B obmiem ciydae
MOET BO3HHMKATh OOJBIIOE YHMCIIO MOJ, YTO IPHBOJUT K OYEBHIHON HEperyJsipHO-
CTH KoJeOaHWH, OIHAKO, €CIIM BPEMEHHbIE XapaKTEPHCTHKU POCTa W pachaja ITy-
3BIPHKOB JIOJKHBIM 00pa30M COTIIACOBAHBI C IEPHOIOM KaKOH-TIOO MOJIBI, TO TOJIBKO
OJIHa 3Ta MOJIa ¥ BO30YK1aeTCsl.

C npyroi cTOPOHBI, IEPHOANIECKOE IBIKEHHIE KAMIIISIPHBIX BOJIH HA MOBEPX-
HOCTH IUICHKH OOECIICUMBAET CBOCOOPA3HYIO CAMOIOAJEPIKKY M CaMOIIOACTPOMKY
MOJIBI, CO3/1aBasi B ONPE/eICHHbIE MOMEHTHI BPEMEHH YCIIOBUS, KOTOpPhIE IPUHYXK/1a-
IOT Iy3BIPBKM CXJIONBIBATHCSI COTJIACOBAHHO C KAMIUIAPHBIMU KoJeOaHusMH (Ha-
IpUMep, MyTeM BapHalii TONIIMHGI TJICHKH WM JaBlIeHUA B oTBepcTHH). MHBIMEI
CJIOBaMH, B TAaKOH CHCTEME PEa3yeTcsl PeKUM aBTOKOJeOaHMil, IpH KOTOPOM Bce
napaMeTpbl JABWKEHHS NEPHOJNUYECKH BOCIIPOM3BOJATCS € OOJIBIIONW TOYHOCTBHIO; B
uTore oOpasyomyecs Kamii NpUOOPETaloT CTPOro OJMHAKOBBIE Pa3Mephl U CKOPO-
CTH.

OCHOBHO€ yCIIOBHE TOCTUKEHHSI TAKOTO PEXKHMMa COCTOUT BO B3aUMHOM COTJIACO-
BaHHM BPEMEHH POCTa Iy3bIpbKa U MEPHOAA KOJICOAHUH KPYTOBBIX KaIMIIISPHBIX
BOJIH Ha ITOBEPXHOCTH JKHIKOCTH. B maHHON cucTemMe MOXKEeT BO30YKAAThCsl TOIBKO
JVCKPETHBIH Ha0Op COOCTBEHHBIX KOIEOATENBHBIX MOJ C YETKO ONPEEIICHHBIMU
gacToTaMM KojebaHuil [7], KOTopble OMPeNeoTCs 0 BBITEKAIOIIel U3 TEOpUH Ka-

MUUIPHBIX BOJH (OpMyJie:
3
v, :L S Ztanh S,y , (1)
2n\\ R/ p R

rae R— panuyc xoiena 5, T - MOBEPXHOCTHOE HATsHKEHUE IUIEHKH, /i, - €€ HOMH-

HaJbHas TOJILMHA, P - IUIOTHOCTb JKUJKOCTH, a S, €CTh n-i kopeHb QyHkuuu bec-
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BO2AYX
Puc. 4a. Cxema reHeparopa Kameib C Puc. 46. Cxema renepaTtopa Kareib
BBIOPOCOM KalleJib BBEPX C BEIOPOCOM Karesilb BHU3

censt Jl(x). OTH YacTOTHI CYIIECTBEHHO 3aBHCAT OT KOHCTPYKTHBHBIX ITapaMeTpoB

npurbopa; B 4aCTHOCTH, 3aBHCUMOCTb OT TOJILMHBI IUICHKH, YTO WIUTIOCTPUPYETCS
puc. 2.

TunaHas KapTHHA KoJieOaHU IUICHKH BHIHA Ha MUKpodoTorpaduu (puc.3)

Co3pmanue peaJbHOW KOHCTPYKLUMHM TIEHEpaTtopa MOHOAWCIEPCHBIX Kallelb
(I'MK) nanHOrO THIa CBSI3aHO C NPEOAOJICHUEM HEKOTOPBIX TEXHUYECKUX MpodiieM,
CBS3aHHBIX C HAJIMYMEM HECKOJIBKUX MapaMeTPOB, OUEHb MaJIble U3MEHEHHS KOTOPBIX
3HAYUTENHHO BIMSIOT Ha €r0 YCTOHUMBYIO paboTy. B mepByto ouepens, KOHCTPYKIUS
I'MK TpebyeT M3roToBlIeHHsI COMJIa MAJIOTO AHaMeTpa B XOPOILIO cMadyMBaeMOM IUIO-
CKOM MOBEPXHOCTH TOpIIa KaMWLIApHOI TpyOku. Kpome atoro, HeoOxoaumo obecrie-
YUTh YCTOMYMBOCTH M 33JaHHYIO TOJILIUHY CJOS XKHUJIKOCTH HaJ COIUIOM, a TaKXe
HoJAepKaHNe MOCTOSHCTBA MAJIOro JaBIEHHs MOAAaYH Bo3ayxa. B cBs3u ¢ aTuM ObI-
JIU UCTIBITaHbl HECKOJBKO pa3HbIXx KOHCTpykuuit I'MK, u HalineHsl ABa ero onTH-
MaJbHBIX BapHaHTa CO CIEAYIOIIMMHU apaMeTpaMu:

- ONITUMAJILHBIA TMaMeTp coruia JIexHUT B npenenax 20 — 30 Mxwm;

- TUaMeTp KOJblia pe30HAaTOpa A0JDKEH OBITh PaBeH 2 MM;

- 3a30p MEXJy IUNIOCKOCTBIO C COILUIOM U KOJIBIIOM PE30HATOpa JOJDKEH OBITh paBeH
0,2 —0,3 mMm;

- JUIS JIy4IIEer0 CMa4YMBaHMS MOBEPXHOCTh TOPLA KAMMUIAPHOH TPYOKHU C COILIOM
JieTIaeTcsl ciIerka mepoxoBaroi (MaTupyercs) abpa3sMBHBIM METOJIOM.
Pacrnonokenue coma Ay noJady BO3[yXa B LIEHTPE MOJBEP)KEHHOM rpaBUTa-

LMY KUAKOM IUIEHKHU HE JaeT, 0-BUJUMOMY, BO3MOKHOCTU KOHCTPYUPOBATh TaKOH
I'MK c¢ BeIOpOCOM Karienb B KakoM-1nbo 00koBoM Hamnpasiienud. Ho ¢ yuetom toro
(axTa, 4yTo paboTa reHepaTopa OCHOBAaHA Ha SIBJICHUM KAIWLIIPHOCTH, BO3MOXKHA
koHcTpykims MK ¢ BeiOpocoMm kameib cTporo BHH3. Ha 3TOM OCHOBaHHMHU OBLTH
cKkoHCTpyupoBaHs! ABa I MK: B o1HOM Kamnu BEIOpachIBAINCH CTPOTO BBEPX, B APY-
TOM - CTporo BHHU3 (puc.4, a,0).
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OcHOBHOH 4acThi0 000MX T€HEPATOPOB SBIISETCS TOJCTOCTCHHBIM CTEKIISHHBIA
KaImuBIp 2, YCTAaHOBJICHHBIN B IIeHTpe Heboupmmoro cocyna 1. B BepxHeli gactu ka-
MIUIApa BHYTPEHHHMH KaHAN CyXaeTcs, obpasysd comuio auamerpom oxoio 20-30
MKM. Topel Kamuispa UMeeT MaTOBYIO MIOBEPXHOCTh. BakHOW 4acThlO reHepaTopa
ABJIAETCS Hacajka 4 Ha KOHEI Kamwuiipa ¢ coruioM. OHa coctouT (puc.4a) u3 me-
Tanaudeckoil My(Tsl 5, INIOTHO OAEBaeMOll Ha KaNMJUIAP, BEPXHSS 4acTb KOTOPOH
(nmuHOM oKOJIO 6-7 MM) HMeeT BHYTPEHHUI quaMeTp npuMepHo Ha 0,5 MM Goutbinii,
4eM Hapy)KHBII JAMaMeTp Kamwuisgpa. JTa 4acTh 3aKaHYMBAETCS IUIACTHHOW 6 C OT-
BEPCTUEM, AUAMETP KOTOPOro paBeH 2 MM. OHa MIpaeT poib KOJbLA AJS OTPaXKEHUs
KPYTOBBIX BOJH. BOmm3u mnactusel 6 Metamudeckas Mydra 5 uMmeeT npopesu 7 Ui
NOoJa4uy KHUIAKOCTH B 3a30p MEXIy IUIaCTHHOH 6 M TopuoMm Kanmuipa 2. Ilpopesu
OKPY’KEHBI KOJIBIIOM 8 M3 TIOIXOISIIETO TUTPOCKONINYECKOro Marteprana. Mydra Ha-
CaKMBAETCS Ha KaMUIAP TaKUM 00pa3oM, YTOOBI TOpel KamuIIpa ¢ COIUIOM He J0-
xoauia g0 miactunel Ha 0,2 — 0,3 MM.

C nCToNBb30BaHNEM 3THX JBYX OCHOBHBIX YacTeil (TOJICTOCTEHHBIH KallMLLIp U
Hacasika) TeHepaTop MOXKET OBITh COOpaH I JBYX OCHOBHBIX CIIydaeB — ICHEpaIuu
CTPYH Kallellb, ABMKYIIUXCS BBEPX, W, HA00OPOT, AJISI CTPYU Kamelb, JBIDKYIIHXCS
BHU3. B mepBoM citydae (puc.4a) Kamwumip 2 BMECTE ¢ Hacalkoi 4 ycTaHaBJIMBaeTCs
B Kopmyce 1 Tak, 4ToOBI muacTHHa 6 Obuta BBepXy. CHHU3Y 3TOTO cocyqa MMEETCs
narpy0ok 9 JuIs I01BOJIa K TeHEPaTOpy JKUIKOCTH.

Bo BTOpOM ciyuae (puc.40) kamuuisap 1 BMecTe ¢ Hacaakoi 2 ycTaHaBIUBACTCS
C TTOMOIIBIO AepXKaTeld 3 Tak, 9TOOBI TOpel Kamwuisipa ObLT HampasieH BHU3. st
MOJAa4y JKUAKOCTU A7l PAcTbUIEHUS HCIIONb3YETCs CKPEIICHHBIN C HAacaJKoW 2 He-
607BII0I MIOCKUH COCY 4 ¢ TUIPOCKOMMYECKUM MaTepHaioM 5, KOTOPBIM UMEeT B
JIHE OTBEPCTHUE, Kpail KOTOPOTO MIpaeT posib KOJbLA Ul OTPAKEHUS KaMMIUIIPHBIX
BoyiH. Cocyn 4 mMeeT BU NPSIMOYTOJIbHUKA pazMepoM 15x30 MM ¢ 60pTOM BOKPYT
BbICOTOI 0,5 MM, Ha KOTOPO#l ynoxkeH rurpockonuueckuii marepuan. Kpas otsep-
CTHS B TUTPOCKOIIMYECKOM MaTepuale MIOTHO IPMIETaloT K Ipope3siM 6 Ha Hacajke.
CHH3Y K IUTaCTHHE YKpETUIeH NaTpyOoK 7 ISl MOAa4n KHIKOCTH.

Jis m3yqenust pabotel MK reneparop 1-ro Tuma 6bU1 yCTaHOBIIEH HA )KECTKOM
OCHOBaHUH, Ha KOTOPOM TaK)Ke OBbUIM YKPEIUICHBI IS IPOBEJCHUSI N3MEPEHUH ocBe-
THUTENIb, MAJOOOOPOTHBI NBHIAaTeNb CO INTAHTOH C MPEAMETHBIM CTEKJIOM IIS
yJIaBIMBaHMS Karellb U OMHOKYJISIPHBIM MHUKPOCKOII I (poTOrpadpoBaHUs KaInI-
JISIPHBIX BOJIH Ha MOBEPXHOCTH >KUAKOCTH M Kallelb Ha MpeaMeTHOM cTekne. Kpome
TOTO, HaJl TEHEPaTOpoM ObUI YCTAHOBJICH JIa3epHBIH U3MEPUTENb Pa3MEepOB Kallelb,
paboTa KOTOPOrO OCHOBaHA Ha PETMCTPALMM TEHU OT Kallellb, MEPECEKAIOINX ILIO-
CKHI MOTOK JiazepHoro m3iyudenus [8]. s mogadu Bo3Aayxa B FeHEpaToOp MCIONb30-
BaJICs. MUKPOKOMIIpeccop, OydepHsbIii cocys] ¢ MAaHOMETPOM H MUKPOKPaH. YPOBEHb
JKUIKOCTH B COCY/IE€ C TEHEPAaTOpOM peTynuposaics mpoctoit U-o0pa3Hoil crucTeMoit.

BaXHBIM yCITOBHEM AJIMTENBHON HKCILTyaTallMd T€HEPATOpa ABJISAETCS TIATENb-
Hasl OUUCTKA BOJBI U BO3/yXa, UCHOIb3YEMBIX B IpoLiecce U3MEpEeHuil. ITO CBSA3aHO C
MaJlbIM IMaMETPOM COILIa TeHepaTopa, B KOTOPOM IpH JJIMTEIbHON paboTe ocaxna-
IOTCS YaCTHLIBI, KaK U3 BO31yXa, TAK U U3 )KUIKOCTH.

Pa3HooOpa3Hble cBeleHus 0 paboTe ONMMCAHHOTO I'eHepaTopa CTPYH MOHOJMC-
HEepPCHBIX Kaleslb MOIy4YeHBl B Pe3ylbTaTe KOMIUICKCHOTO M3Y4eHHsI €ro MapaMeTpoB.
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/ N 4 4
Puc. 5a. Pexxum renepanuu He- Puc. 56. Pexum reHepanuu ojau-
CKOJIBKUX CTPYH KarItesb HOYHOH CTPyH Kamneib

B kxauecTBe mpuMepa HIDKE IPUBEICHBI PE3YNIBTATH H3MEPECHUI TTapaMeTPOB OJHOTO
W3 TaKUX TCHEPaTOPOB.

Jlis mpuBeneHHs IeHepaTopa MOHOJIUCIIEPCHBIX Kamenb B JeHCTBHe, Mpexne
BCEro, He0OOXOAUMO HATIOIHUT KUAKOCTHIO (HalpuMep, TUCTIIIMPOBAHHOM BOJOI)
COCy[ 2 0 TaKOTO YPOBHS, YTOOBI Ha MOBEPXHOCTH CTEKIITHHOTO KaIMLIIpa o0paso-
Bajlach IUIEHKA. 3aTeM clleyeT MOoJaTh CXKAThli BO3AYX B KaMJUIAP MO TaKHM JaB-
JICHHEM, 4TOOBI BO3HUKJIIO pa30OpBI3TMBaHUE KUAKOCTH HaJ COIUIOM M3 TOHKOTO CIOS
KHUIKOCTH B BH/IC XaOTHIECKHU JICTAIINX Karenb. 3aTeM He0OOX0ANMO MEIJICHHO CHU-
KaTh JaBJeHUE 0 MPEeKpalIeHus Tpolecca pa3OpeI3rHBaHus KUIKOCTH. OmATh He-
CKOJIBKO a3 IOBBIIIAs U CHIXKAs AaBICHUE, HY’)KHO HaWTH TaKoe ero 3HaueHue, 4To
Jlake OYeHb HEOOJIBIIIOE MOBHIINICHUE KOTOPOTO MPUBOIUT K XaOTUUECKOMY pa3OphI3-
THUBAHUIO.

Janee HE0OXOIUMO MEJIEHHO YMEHBIATh KOJMYECTBO JKUAKOCTHU, OaBaeMOe
B 30HY 00pa30BaHMs Kamelb OCPECTBOM MOHIKEHHS YPOBHS KUAKOCTU B cocy e 2.
OdeHp MeUTEHHOE M3MEHEHHE 3TOTO TapaMeTpa IpH CTaOUIHHOM JIaBIICHUH BO3yXa
MIPUBENET K “‘CBOPAYMBAHMIO” XaOTHYECKOTO pa3OphI3TUBaHHUA W 00pa3oBaHUIO 2-3
TOHKHX cTpyil kanens. [locnenyromee Manoe CHIKEHUE TTOAAYH KHUIKOCTH BBIBEAET
reHepaTrop Ha pabouyuii peXXMM — IeHEPUPOBaHUE TOHKOHW CTPYH MOHOIMCIEPCHBIX
Kares.

Hwxe npusenens! ¢poTorpaduu MOTOKOB Karelb, NOIy4YeHHBIE IIPH pa3HbIX pe-
JKUMax paboTel reHepaTopa. Kak BUIHO U3 HUX, IPH HACTPOKe TeHepaTopa BHauase
BO3HHKAIOT HECKOJIBKO CTPYH Karens (puc.5a), a mpu BOSHUKHOBCHUH PE30HAHCHOTO
pexnMa 00pa3zyeTcsi OIMHOYHAS CTPYSI MOHOIUCIIEPCHBIX Kamelb (puc.50).

COOTBETCTBEHHO, KAIUIM HE BCErja SBIAIOTCS MOHOJUCIEPCHBIMH - MOHOIMC-
HEePCHBII PeXXUM peanu3yeTcs JHUIIb IPU Pe30HAHCHOM peXKUMe paboThl yCTPOICTRA.
Ecmy xammm ocaxgamich Ha CTEKIITHHYIO TUTACTHHY, MOKPHITYI0 TOHKHM CJIOEM Mac-
Jla ¥ JIBUTAIOIIYIOCS CO CKOPOCThIO 10 cM/c, TO MOXKHO ONPEAEIUTh KaK 4acTOTy UX
00pa3oBaHus, TaK U UX JIMHEHHBIE pa3Mephl C MTOMOIIBI0 MUKPOCKOIIA.

163



Dizuka aepoucrepcHux cucreM. — 2018. — Ne 55. — C. 158-166

Puc. 6a. Ocummuiorpamma oOpa3oBaHuUs Puc. 66. Ocmuiorpamma o0paso-
JIByX CTpYyH Kameib BaHUS OJAMHOYHOM CTPYH MOHOJUC-
MEpPCHBIX Karemnb

DTU sSBJICHUS WLIIOCTPUPYIOTCS JAHHBIMU PETHCTPALMU Kallelb JIa3epHBIM Te-
HEBBIM cueTdukoM. Tak, Ha Puc.6 mokazaHsl OCHMIITIOTPaMMBI IBYX Pa3HbIX ClydaeB
— 00pa3zoBaHMs OBYX pa3HOW HCIIEPCHOCTH cTpyi (Puc.6a) 1 OMMHOYHON CTPyH MO-
HOJIMCTIICPCHBIX Karenb (Prc.60).

B cooTBeTCTBHMU C MPOBEICHHBIM aHATNU30M, CUCTEMbI U3 TaKHX CTOSYHUX BOJH
JIOJDKHBI HE TIOCTENCHHO, a CKaYKaMH TEePEXOIHUTh OJHA B IPYTYIO IPH M3MEHCHHH
OITHOH W3 TIepeMeHHBIX. B kauecTBe Takoil mepeMeHHO ObUIO MCIOIh30BaHO JaBIIe-
Hue Bo3zayxa. Ilo Mepe MOBBIIEHUS AaBJICHUS CHCTEMa BOJH M3 2-X WIH 3-X KOJIEI]
OTJCIBHBIMH IIATaMU TEPEXONUT M3 TAKOW CUCTEMBI B OoJiee CIIOKHYIO. [Ipu 3TOM,
€CTEeCTBEHHO, YBEJIMYMBACTCS JACTOTa 00pa30BaHUs KaIlellb M UX pa3Mep.

IIpy mpoBeneHMr NpeABIAYIIUX OTIAEIBHBIX M3MepeHud xapakrepuctuk ['MK
MOJTyY€HBI TAK)KE CBEACHHUS O JIBYX SIBICHUSX, COTMIPOBOXKIAIOIINX €T0 padoTy.

Bo-rmrepBhIX, 00HapyXeHO, UTO TPH NEPHOANIECKAX KOJIEOaHUIX KUIKOH IJIeH-
KM TIpu ycroiunBoi padore TMK BO3HMKAIOT 3BYKOBBIC BOJHBI B OKPYKaroleh
cpezie TOM ke 4YacTOThL, UTO U NIPU T€HEpUPOBAHUH Kamesb [9]. DTH 3ByKOBbIE BOIHEI
ObUTH 3aPErHCTPUPOBAHBI C TIOMOIIBI0 YYBCTBUTEIFHOIO MUKPO(OHA U 3alKCaHbI B
KOMITBIOTEpE.

Bo-BTOpBIX, Kak W B JPYrHX IpOIECcax IpOoOJCHUS BOIBI, oOpasyrommuecs B
I'MK xarun BoJibl HECYT Ha ce0e AIEKTPUUECKUE 3apsiibl OTPUIIATEIHHOTO 3HAKA.

3Ha4YeHUS 3apsI0B HEBEIHMKH, HO BCE KAIUTH 3apsDKEHBI CTPOTO OMHAKOBO [ 10,
11]. EcrecTBeHHas 3apsjiKa Kareib BOJBI 00yCIOBJIEHA HATHYMEM Ha ITOBEPXHOCTH
BOJBI (M HEKOTOPBIX BOAHBIX PACTBOPOB) JIBOMHBIX AJIEKTPHUUECKUX CIIOEB, paspylie-
HUE KOTOPBIX NpU 00pa30oBaHUM Kareib MPUBOAMT K pa3lieieHuto 3apsaoB. [lonoxu-
TEJIbHBIE 3aps bl IPU 3TOM OcTaroTcs Ha 3nemenTax [ MK.

B mpunmmme, ynpasieHre napaMeTpaMi TeHEpaIliii OCYIIECTBISIETCS TakxKe ITy-
TeM M3MEHEHMs] HOMHHAJIbHOM TOJIIMHBI INICHKU /i, U pajuyca Pe30HaHCHOTO KOJb-

ua R. HecmoTps Ha TpynHocTH oOecrieueHus cTaOuiIbHON paboThl B IIMPOKOM JHa-
Ma30HE IMePeCcTPAaNBAEMBIX MAPaMETPOB, SKCIEPUMEHTH C Pa3MTUIHBIMH 00pa3maMu
MO3BOJIMIIM MOTYyYUTh TEHEPALMIO CTPYH Kalesb IpH CIEAYIOMMX apamMeTpax: p, =

(1.1 - 1.5)-10° Ia, hy, =40 - 150 Mxm, auametp comna - 10 - 20 Mxm. B 3TuX yciosu-
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Puc. 7. Mukpodororpadust MOHOJUCIIEPCHBIX Kalellb, OCAXKICHHbBIX Ha MOJ-
NOXKY (auamerp kanenb 80 Mkm, yactora renepupoBanus 380 I'ix)

X IHaMeTp Karelb H3MEHsUICA B IpeneiaXx oT 6 10 50 MKM, X CKOPOCTH JIeKAIH B
unrepBane mexnay 0.5u 3.0 m/c, a wactotel v=0.6 - 10 k['n. CreneHp MOHO¥C-
MIEPCHOCTH KaIlejb, 10 BU3YaJbHBIM OLICHKAM C IOMOIIBI0 MHKPOCKOIA, JOCTHI'AeT
HECKOJIbKHX HPOLICHTOB.

TakuM 00pa3oM, B pe3yJbTaTe HPOBEICHHON PabOTHl HAMIEHBI ABE ONTHMAb-
HbI€ KOHCTPYKIIMH I'€HepaTopa CTPYH MOHOAUCIIEPCHEIX KaIlejh C pa3pylIeHUEM IIy-
3BIPHKOB B TOHKOM CJIO€ JKUJIKOCTH M IOKa3aHbl BO3MOXKHBIC BapHaHTHI €ro (yHK-
[IHOHHPOBAHMSI.
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AHOTAIIA
Hasedena meopis uHUKHEHHA CIMPYMeEHS, MOHOOUCHEPCHUX KpANelb NPU Y3200HCEHHI Yacy
3DOCMAaHHs | PYUHYBAHHA NYXUPYI6 NOGIMPs MA Nepiody Kpyeosux KANiiAPHUX KOAUBAHL HA
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Kontush S.M., Akhmerov O.Yu., Mandel V.Yu., Churashov V.P.
Pneumatic jet generator of monodisperse drops

SUMMARY
The emergence's theory of a jet of monodisperse droplets is given when the growth and de-
struction time of air bubbles and the oscillations period of circular capillary on the thin liquid
layer's surface is coordinated. Two optimal designs of the corresponding generator of a mo-
nodisperse droplets jet are developed and possible variants of its functioning are shown.
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MPABWJIA JIJISI ABTOPIB CTATEM

1. ¥V naykoBoMy 30ipHHKY ITyOJIiKyIOTBCSI CTATTi 3 OPUTIHANEHIMH Pe3yJIbTaTaMH HayKo-
BUX JJOCIIIJDKEHb 3 TEMaTHKH:

— BUIApOBYBaHHs, KOHJICHCALIisI, KOATyJISLis 1 elIEeKTpUYHA 3apsKa aepo30iIiB, Mexa-
HI3MU X yTBOPEHHSI 1 IEPEHOCY;

— TOpiHHS aePOIUCIIEPCHUX CHCTEM;

— TerIoMacooOMiH 1 ra30[MHAMIuHi SIBUIIA B AUCHEPCHUX CHCTeMax mpu (a3oBUX 1
XIMIYHHX IEpETBOPEHHSX;

— HM3bKOTEMIIEpaTypHa IIa3Ma 3 KOHICHCOBAHOI THCIEPCHOIO (ha3oro.

2. CraTTi 3 pe3ynabTaTaMy JOCIHiKEHb, BUKOHAHUMH B OPTaHi3allisfiX, HOAAIOTECS 3 JO0-
3BOJIOM LIi€] OpraHizarii Ha my0JIiKamilo i CyIpoBiTHUM JIUCTOM. PyKkomnuc miammcyeTses aB-
Topamu (aBTopoMm). Ha okpemMoMy JIMCTI HEOOXiITHO BKa3aTH Mpi3BHINE, iM'd, IO OATHKOBI,
Micue poOOoTH, TOcay, KOHTAKTHI TenedoHH i anpecu (eJIeKTPOHHUIT i HOIITOBUIA).

3. TekcT crarel MpenCTaBISIEThCS B IBOX €K3EMIULIpax Ha YKPaiHCBKiH, pociichKil abo
aHITIHCHKIM MOBI 3 JBOMa aHOTALISIMHA Ha JIBOX (3 TPhOX BKa3aHWX) MOBAaX, BIIMIHHUX Bij
MOBHU OpHWTIHAIIy CTATTi 1 eNeKTpOHHUM (ailyioM Ha EeNeKTPOHHY ajpecy penakiii. daiin
CTBOpIOETHCsI B Word i TOBHHEH MICTUTH TEKCT CTaTTi, aHOTawito i pucyHku. Haspa daitry
YTBOPIOETHCS BiJl MPi3BUILA MIEPIIOTO aBTOPA.

4. CraTTi MpOXOIiITh HAYKOBE PEEH3yBaHHA. Y pa3i HEraTHBHOI peleH3il CTaTTs NMPHCH-
JIA€THCS Ha JOOIPAIIOBAHHS 200 BiIXMISETHCS.

Odopmiaenns craTri
Marepiain cTaTTi HOBUHEH OyTH BUKIAICHUH B TaKill IOCIIiTOBHOCTI:

1) vomep V/K;

2) iHimiany i npi3BHUIIA aBTOPIB;

3) na3Ba oprani3zauii (i), mo npezacrtaensie (I0Th) CTATTIO (KIIO OopraHizauiid Oinble,
HDK OITHa, MICIIs TIPI3BUILA KOXKHOTO aBTOpa CTaBUTHCS 3HAK BUHOCKH (1, 2 i T. 11.), @ HIKYE
YKa3yloThCs BCl OpraHi3ailii, Ha3BH MiCT, €JIEKTPOHHA MOIITa OJHOT0 3 aBTOPIB;

4) Ha3Ba CTaTTi;

5) aHoTanis;

6) TEKCT CTaTTi;

7) miTeparypa;

8) aHoTaIii Ha 2-X 3rajJaHUX BUIIC MOBaX, BiJIMIHHUX BiJil MOBU OpHTiHAIy CTaTTi, 3
MPI3BHIAMH 1 iHINIaJaMH aBTOPIB 1 HA3BOIO CTATTI.

O6'em crarTi, BKIIOYAIOYH PUCYHKH, JTiTEPaTypy, aHOTALlil, He HIOBUHEH IEPEBUIYBATH
10 cTOopiHOK TEKCTY, HAaIPyKOBaHOTO Ha KOMI'foTepi uepe3 1 inTepBai (3 po3mipom Oyks 14
pt). Ioms: miBe — 20 MM, npaBe 20 MM, BBepxy 20 MM, BHH3y 20 mM. Ha3Ba crarTi, npi3Bu-
112 aBTOPIiB i HA3Ba OpraHi3auiil APYKyOThCs OyKBaMH, po3MipoM 14 pt 3 MKPSIIKOBOIO Bi-
ncrano Mk YK, Ha3Boo cTatTi 1 mpi3BUIIamMu aBTOpiB 1.5 iHTEpBay.

®opmyau: Habupatorbes mwpudrom posmipy 14 myHkri. Po3mipu ¢hopmyn oxHakoBi
1o BchoMy Tekcty. ClliJi yHUKaTH 1HAEKCIB y IHIEKCIB 1 CTYIEHIB y CTYIEHIB. 3aCTOCOBY-
€TbCs CKpi3HA Hymepauis ¢popmy: (1), (2) 1 Tak nani. 'penpki OykBH Ta Mo3HaYeHHs XiMid-
HUX (HOpMYIT 3aBKAU mpsMi. Bekropu i MaTpuii HaGHpaTH HAMBXHUPHUM HPSMUM HIpUQ-
TOM (CTpiJIKa HaJ BEKTOPOM HE BUKOPUCTOBYETHCS). IHAEKCH (JIaTMHCBKI OYKBH) y hopmy-
Jax HaOMPAroThCS KypCHBOM, 32 BUHITKOM CKOPOYEHb CIiB THIy min, max, eff, a takox
HyIIs, sIKi HaOupaeTbes npsiMuM mipudTom. [psmum mpudToM HaOUPAIOTHCS TaKOX (QYHK-
il, HarpuKiaz sin 2x, cos of i TaK Jaji.
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Ta6auni. Tabnumi HyMepyIOTh TIIBKH B TOMY BUIAJKY, SIKIIO iX Oinbmre ogmiel. Binc-
Tyn no Tabnuui i micnst Hei — 2 inrepBanu. [Ipu HEOOXiMHOCTI TabMULI MOXKXYTh MaTH 3aro-
JIOBOK 1 TIPHUMITKY.

Lmioctpauii. ImrocTpariii BUKOHYIOTECS TI0 XOAY BHUKJIQJAEHHS TEKCTY CTAaTTi MO Mipi iX
3raJIki B TeKCTi B pcx (opmari abo inmomy nommupeHomy dopmarti. [lix pucynkom npyky-
€ThCsl BiNNOBiAHUI mianuc. Hanucy, Mo yCKIIaIHIOITh COPUHHATTS PUCYHKY, 3aMiHIOBATH
udpoBuMH 200 OYKBEHHMH MO3HAYCHHSIMH 1 IIEPEHOCUTH B TEKCT CTATTi ab0 B MiIIHC i
pucyHKOM. Bci mo3HaueHHs HAa pUCYHKY NMOBMHHI BiANOBIZAaTH MO3HAYEHHSAM B TekcTi. Hy-
Mepallilo KpHBUX HA PUCYHKY BECTH 3BEpXY BHH3, 3J1iBa HarnpaBo. Po3mip pucyHKa MOBUHEH
oyru He menure 50x50 mwm i He Oibiie 100x100 Mm.

Jlitepatypa. [Ticis TekcTy cTaTTi yepe3 2 iHTEepBalu APYKYETbCS CIIMCOK JIiTeparyp-
HHX JKepell, BAKOPUCTOBYBAHHX B CTATTi, HA MOBI OpHUTIHAIY 32 3pa3KOM:

Knnrn:

1. Babuii B.U., Kysaeg FO.®. I'openue yronbHON NBUIH U pacyeT MBUICYTOIBHOTO (a-
kena. — M.: DHeproaromusaar, 1986. — 206¢.

2. OCHOBBI IPaKTHIECKOW TEOPHH TOPEHHS: ydeOHoe rocobue st By30B // B.B, Ilome-
panyes, K.M. Apeghves, /I.b. Axmemos u op. // mon pen. Ilomepanyesa. — J1.: Juep-
roaromusaar, 1986. —312c.

CrarTi:

a. Acaanos C.K., Koneiixa I1.11. O6 0cOOEHHOCTSX MOJIENICH IETOHAIIOHHOTO CITHA B
pa3IUUHBIX TOPIOYNX cpeaax. // dusmka adpoaucnepcHbIx cucteM. — 1971, — Beim. 5.
—C.92-100.

b. ®nopko A.B., 3onomxo A.H., Kamunckas H.B., lllesuyx B.I". CriekTpaibHble Uccie-
JIOBaHHs TOpeHHs 4YacTUllbl Maraus // ®dusnka ropeHus u B3pbBa. — 1982. — T.18,
Nel. - C.17-22.

¢. Kaaunuax B.B. TemnomaccooOMEH M KMHETHKAa XHMHUYECKHX PEaKIUil yriiepogHOI
yacTUIlhl ¢ razamu // Bicauk Onmechk. nepk. yH-Ty. Cep.: ¢i3.-mar. Hayku. — 1999. —
T.4, Bum..4. — C.12-16.

d. Zatovsky A.V., Zvelindovsky A.V. Hydrodynamic fluctuations of a liquid with aniso-
tropic molecules // Physica A. —2001. — V.298. — P. 237-254.

Te3u:

1. Cmpyuaes A.1., Cmpyuaee H.HU. Onenka cpeHero pasmMepa >KUpOBBIX ILIAPUKOB ToO-
MOT€HU3UPOBAHHOT0 MoJoka // JlucriepcHble cucteMbl. XX Hay4yHas KOH(epeHIus
crpan CHI, 23-27 cent. 2002 r., Onecca, Ykpauna / Te3. nokn. — Onecca: Actpo-
npuHTt, 2002. — C.252-253.

2. Suslov A.V., Semenov K.I. Interaction of high-temperature monodispersed metal par-
ticles with gases // Abstr. Of 14™ Annual meeting of the American Association for
aerosol research. — Pittsburgh, USA. — 1995. — P.37.

Amnoranis, mepeayroyda TeKCTy CTaTTi, THIIEThCS Ha MOBI CTAaTTI OMHUM ab3a1ioM, po-
3Mipom OykB 12 pt, 06’emom 6—10 psaakiB. AHOTAII{ HA IHITUX MOBAaX 0 TEKCTY CTATTi Ha-
JTAIOTHCS MICHIS CIIUCKY JIiTepaTypd. AHOTALIsIM MepeIyroTh NPI3BHUIIA i iHilianu aBTOpIB 1
Has3Ba crarti. [Ticns ciaoBa “AHOTAIIA” a6o “SUMMARY” 3 a03ana JpyKyeTbCsl TEKCT
a”oTallii.
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RULES FOR AUTHORS
Focus and scope:

— evaporation, condensation, coagulation and electric charge of aerosols, me-
chanisms of their formation and transfer;

— combustion of aerodisperse systems;

— heat and mass transfer and gas-dynamic phenomena in dispersed systems with
phase and chemical transformations;

— low-temperature plasma with condensed disperse phase

Material of the article should be presented in the following sequence:

1) UDC number;

2) the initials and surnames of the authors;

3) the name of the organization (s) presenting the article (if there are more than

one organizations, each author's name is followed by a footnote (1, 2, etc.), and

below all organizations, cities names, electronic mail from one of the authors;

4) the title of the article;

5) abstract;

6) text of the article;

7) references;

8) annotations in the two above-mentioned languages, other than the original

language of the article, with the surnames and initials of the authors and the title

of the article.

The size of the article, including drawings, literature, annotations, should not
exceed 10 pages of text printed on the computer in 1 interval (with the size of let-
ters14 pt). Fields: left -20 mm, right20 mm, top20 mm, below 20 mm. The title of the
article, authors' surnames and the name of the organization are printed in letters of
size 14 pts on the line spacing between the UDC, the title of the article and the names
of the authors of the 1.5 interval.

Formulas: 14-point font size. The size of the formulas is the same throughout
the text. Indices in indices and power in power should be avoided. The sequential
numbering of the formulas must be (1), (2), and so on. Greek letters and chemical
formula are always straightforward. Vectors and matrices are typed in half-bold (the
arrow above the vector is not used). Indices (Latin letters) are arranged in italics in
formulas, with the exception of the words min, max, eff, as well as zero, which are
typed in plain text. Also, functions such as sin 2x, cos @t and so on are also typed in
direct font.

Tables. Tables are numbered only if thereis more than one. Indent to the table
and after it - 2 intervals. If necessary, the table may have a title and a note.

Illustrations. Illustrations must be presented in the text of the paper as they are
mentioned, in .pcx format or any common format. A corresponding signature must be
printedunder the drawing. Inscriptions that impede the perception of anillustration,
should be replaced by digital or letter symbols and transferred to the text of the article
or the signature under the figure. All designations in the drawing must correspond to
the designations in the text. The numbering of the curves in the figure is from the top
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down, from left to right. The size of the drawing should be not less than 50x50 mm
and not more than 100x100 mm.
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